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AMSTRACT
Thie report deals with the dGevelopment of a butyl rubber cozpound with
requisite physlecal properties !- fabricstior into inner tubaes for sirara?t tirves,

A large oumber af plasticizers of widely divergent chemical character-
iatics were e*:e.lua‘x.d, with special ewpihasis pleced on thelr low terperature
propertiss in dbutyl rubber and including the technique of using high bleck, high
plasticizer with a high viscosity elastuiwr. The effect of zinc oxide content in
the formula vas determined. Carbon blacky of sll compercially availsble tynes
vere corpared and the effect of the various blacks on physical properties,
including low temperasture characteristics were determined. On blacks producing
aighest tenslle values, series of tests were wade to determine the loading which
produces voe mexlaum poysical propértiés. A comparison of low temperature proper-
ties is made of the available commercial butyl rubbers., An extensive investigatio:n
of en outstanding lov tempereture wmater ial, Silicone, was carried out,

On plasticizers which produced adsguate low temperature flexibility in
butyl rutber g study is made on wolatility zand migration ¢f the piasticizer frow
cured compound and then lov teumperature properties determined folleowing migration
treatment of cured tensile sheets. In all cases, plasticizers which produced the
target low ‘Lemperature requiremwents showed poor 1lov temperature properties follow-
ing migration treatment.

The effect of inor{ 1ic acceleration and of the recently recommended
processing technique of high temperature mixing was investigated.
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INTRODUCTION

. Natural rubber, the elastomer currenily used in inper tubes for sircraft
tires is trarspocted to this country by meriiime shipping from great distances and

in the event of irleraaiiczal crisis, *“ere ie 2 poasitility this supply couid be

cut off or interrupted. Under such circumsiauces it is bighly deairable to have

availobles o msterial which will be satisfactory for inner tubes ror aircraft tires,
and aince at thia writing butyl rubber is the elastomer with best six retentivity,
it is the logical material for this applicaticz. OQOoe of the deficiencies of butyl

ubber in iuner tubes is lack of resl) :.::e 2t lov teuperaturas,

The cbiestive of this contract ie the development of a butyl rubber
cowpound waich is flexible at temperatures down to ‘TO°F., In compound developwent
P e

for low temperaturex; the usual ayproach ig the sclection of suitable plasticizers.

A satiefactory rlasticizer must ro. only produce satisfactory initial low tempersa-
ture properties but must not migrate into other stocks into which it will cume in

contact and mist not be 1ost0 Whrough &XTT

Only through the use of the finer particle carbon viacks can the requi-
site physical propertics bs ==t.

As to processing of butyl ruwer, this 48 a relativsly new art and it is
reesonchle o expect that more will be lesrmed which will ’..e"p overcome some of the
deficisncies of this elastomsr. Ly virtue cf General Tire's position in the rubbder
industry as a fabricator of elastomsrs commercielly available and not & producer or
manufacturer engaged in the development of new butyl. puiywmers, this development is
limited to a study of the butyl rubber which is commsercially available, Obviously
the method of attack is limited to compound development. While development of a
new elastomer is & possible solution to the problem, iy is beyond the scope or

e B VRS = AP
Tacilitics of this oontract,
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DISCUSSION

Oz sccount of cartain physiral requireserts deemed essarntial in service
conditions to which they are subjected, innsr tules for aircraft tires are novw
fabricated from natursl rutber, Dearite superior air retention of butyl inner
tubes, bdutyl compoundes currently used in civilian ajolications are inadesquate for
military service, due largely to deficiencies in physical properties and low
tewperature flexibhility, Or account of the extreme importanca of having &n
elestomer vhich is domestically available and vhich does not require importatiocs,
especially under adverse international situations, it is highly desirable that a
butyl ioner tube compound be developed which will possesec the physical properties
and low temperature floxibility requirements specified for innzr tubes for aircraft
tires., The retentivity of air with butyl rubber is so outstanding as compared to
other elastoaers from which inner tubes wight or could be fabricated that butyl was
selected as the subject for this investigation, Of the deficiencies above mentioned
for butyl compounds, it was agreed at tke start of this investigation that the most
izpoctant requirement of this project was solution of the low temperatwre flexi-
bility problem, It was furthermore agreed that certain compromises could be made
on the o“h:r physical specifications provided a compcound vas developed which pos-
sessed the required lovw tempera:ure flexibility.

in the early period of butyl tvuoe manufacture one of the major deficien-
cies of inner tubes formulated from this elastomer was low teaperature duckling,
particularly in passenger tircs wheore the tire aad tube underwent considerable
aetiection. This condition was not considered & serious problem in truck tire
inner tubes, Through an extensive development program conducted by some of the
inner tube manufactursars and producers of buiyl Fdbiusr, lov temperature buckling
has been almoat or entirely eliminated. This development was accomplished by the
addition of relatively large quantities of moderaicly low viscosity mineral oil,
and in order to prevent stocks in process from becoming soft and mushy, higher
viscosity butyl polymers were made available to the inner tube manufacturers for
use with the high o1l compounding technique, The introduction of high oil/high
viscosity polymer in inner tube compounds was accompanied by increased carbon black
loadings, which also assisted in maintaining the desired stiffness in the uncured
state, Through this development it wad noted that numerous rlasticizers vhich are
capable of impartirg desirable low temperatuve properties 10 a butyl inner tube
compound have a tendency to migrate from the butyl in_2r tube into adjacent stocks.
It was required, therefore, in this develcpment thet any plasticizer in order to be
o¢f value in this application must not migrate into other etocke with which the
inner tube comes in contact. And for purposes of migratior evaluation, the experi-

mental compounds were pleced in contect with a patural rubber zirplsne tire carcass
compound.,

In the development of elastomeric compounds for lov temperature service,
the result ie usually schieved by szlection of a proper plasticizer, and for this
reason the major portion of this development deals with plasticizer evaluation.
Most of the materials used in this developument, therefore, were plasticizers vhich
had demonstrated outstanding lov temperature characteristics in other elastomers
or had prouise because of desirable viscosities and powr poluts at lov tewperature,
An essential requirement for materials uzed in butyl Sformulavions is that tuey
possess little or no chemical unsaturation. However, due to insufficient iaforme-
tion furnished by some suppliers regarding charactcristics or constitution of
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their malerials, some items were investigated vhich were incompatible and on
account (f chemical unsaturation failed to cure,

Based on observations and data obtained, the plasticizers investigated in
this development were ciussified in the following three categories:

a, Plasticizerg incompatible with butyl rubber,
be Flasticizers with inadequate freeze resistance,

c. Plasticizers producing sdequate freeze resistance.

PLASTICIZERS INCOMPATIBLE WITH BUTYI. RUBBER

Materials in this category are plasticizers described by the suppliers as
glycol derivatives, triglycol, polyalkylene glycol, glycol ealers, polyesters,
polyethers, ricinoleates and derivativas, tributoxyethyl phosphate, tributyl phos-
phate, dibenzyl cther, dibutyl aconitate and Atlas Powder's Pycal TO.

1. #bbl - C. P. Hall Co.

A glycol fatty acid ester., Supplier states this material is
similar to plasticizer SC,

2. Plasticizer SC - Harwick Standard Chemical

A triglycol ester of a vegetable oll faity acid.

3. Plasticizer DP-520 - Harwick Standard Chemicl

A polyester,

4, KP-140 - Onio Apex Inc.
Tributoxyethyl phosphate.

S5 P-1 - Baker Castor 01l Co.
Methyl ricinoleate,

6. P-8 - Baker Castor 01l Co.
Glyceryl triaceto ricincleate.

T. TP 90 B - Thiokol Corp.
digh molecular weight polyether.
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8.

9.
10.

1.

13.

1.

2.

30

7.

8.

Ucon 1B-65 - Carbide & Carbon Chemicals

Polyalkylene glycol. Water insoluble, low molecular weight
and low pour point.

Dibutyl waleate - Carbide & Carbon Chemicals

Tridbutyl phosphate - Ohio Apex Inc.

Dibenzyl ether - Heyden Chemical Co.

Pycal TO ~ Atlas Powder Co.
No information or description discliosed,

Dibutyl aconitate - C. P, Hall Co.

PLASTICYZERS WITE INADEQUATE FREEZE RESISTANCE

Plasticizer MI-511 - Harwick Standard Chemical

Condensation product of a polyhydric alcohol with an alpha -
omega dicarboxylic acid.

VR-1 Ester (Gemplast) - General Tire & Rubber Co., Chemical
Division

A sebacic acid ester,

Dibutyl sebacate - Resinous Products Corp.

Adipcl ODY - Ohio Apex Inc.
n-Octyl decyl adipate.,
Ohopex R-9 - Ohio Apex Inc.
Not disclosed.

KP-555 - Ohio Apex Inc.
Bisdimetlylbenzyl ether,

Monoplex S-71 - Rohm & Hass

Monomeric ester.

Silicone oils.

These oilas are linear polywers with alternate atoms of silicon
and oxygen, OQrganic groups are attached to the silicon atvows.
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% The silicones are characterized by retention of fluidity
at very low temperatures,

a. Silicone L-4l is the commercial designation of
the silicone »ils where the organic groups are ethyl.

b. Silicone L-45 is the commercia. designation of the
silicone oils where the organic groups are methyl.

!::t

c. Silicone DC-510 fluid. This is a methyl ethyl
derivative., Freezing point ranges below -70°C., and
is recommended where extremely luw temperatures are
involved. This silicone exhibits the best low
temperature properties of all tke silicone fluids.
Viscosity iz 50 certistnkes.

PLASTIC S PRODUCING ADEQUATE FREEZE RESISTANCE

The vequirements on low tecperature specified in MIL-T-SC14B fcr inner
tubes for aircraft tires specify flexibility at -70°F. (-57°C.) as measured by
AS™ Test DTU6-4T, This requirement was met by the following plasticizers:

1. Plasticizer 3890-A - C. P. Hall Co,.

Dicarboxylic acid ester.

2, Adipol 2 EH - Ohio Apex Inc.

E Di = 2 - ethyl hexyl adipate.

; 3. 1l0-A plasticizer -~ Ohio Apex Inc.

§; Di-iso~octyl adipate.

?, 4. Di-2-ethyl hexyl ether - Carbon & Carbide Chemical Co.
’; 5. Butyl Cellosolve pelargonate - C. P, Hall Co.

i-‘, EZster of n-nonylic acid.

:,‘;j 6. Butyl Carbitol pelargonate - C. P. Hall Co.

L

7. Diisobutyl azelate - C. P, Hall Co.

e

o 4oz

Ester of nonanedioic acid.
8. Moncplex DOS -~ Robhm & Haas

Dioc%tyl sebacate.
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9. Hexyl ether - Carbide & Csrbon Chemical Co.

10. Trioctyl phosphate - Carbide & Carbon Chemical Co.

Brittle points for all of the above plasticizers are almost alike, that
i3, there is but a few degrees difference between the poorest and the best. Tae
same also holds true for the physical propercies in that no mjor differences are
noted for any of the above materials. It is interesting to note, however, that
almost without exception the ester plasticizers produce a more resiliezt compound
than that produced by a paraffinic type mineral oil used in manufacture of inner
tubes for truck and passenger tires.

Additional improvement can be obte.ned in lovw temperature flexibility with
some plasticizers by the use of increased plasticizer. With increased plasticizcr
the additional increment is accompanied by s correspouding increase in carbon black
in order to maintain stock plasticity which will permit normal factory processing.
Normal plasticizer is considered as in the range of 20 to 25 parts per 100 parts
rubber hydrocarbon.

There was some overxi&ppling between groups 2 and 3 in that with lower
loadings (20 parts) the brittle point of the resultant compound was unsstisfactory;
whereas, with increased amount of plasticizer a satisfactory brittle point was
obtained. Therefore, in the data tables some plasticizers may appear in both groups
2 and 3, depending on concentration cf ylasticizer used. For iaustance, C. P, Hall
3890-A produces satisfactory brittle point with 25 parts plasticizer but is
deficient with 20 parts plasticizer.

Materials producing satisfactory low temperature properties ware further
evaluated for:

1. VOIATILITY cf th: plasticizer from the cured compound.,

2. MIGRATION of the plasticizer from cured butyl stock to an
adjacent natural rubber stock of the type airplane inner
tubes would contact. For the adjacent natural rubber stock,
compound K-8, General Tire's airplane tire carcass compound
was used, with testing details as described under heading
"testing methods and procedures.”

Tensile slabs placed in contact with natural rubber carcass stock for
aircraft tires were then tested for brittle point to determine effect of 1lnss of
plasticizey through migration, Essertislly, <uc wigration test involves a pressure
on an assembly consieting of a sheet of experimental compound placed between two
sheets of aircraft tire carcass svock end the assembly placed in an oven for 28
days at 70°C. Pcllowving this treatwent, low temperature flexibility of the experi-
mental compounds is seriously impaired and again the brittle point data for the
various plasticizers is approximately equal within experimental error. On the
other hand, a compound containing no plasticizer wben subjected to the same treat-
ment wee improved in lov temperature flexibility and after migration comes up with
about the same brittle point as the compounds containing plasticizer. XNo expla-
nation iz offered for this unusual phenomenon,
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This fact was learned Just prior to the expiration of thia coatract and
time did not allow further investigation along this line. Explanation for this
improved low temperstw's property =a unplasticized stock might be an important stop
toward solution of this probiew. Tul2re %45 no apparent reistionship after migration,
between the amount of plasticizer retained and low temperature flexibility. This
is shown in the data where witl. approximately the same plasticizer level the dif-
ference in brittle point before and after wigration is considerable., It was also
noted that the migration test resulted iu considerable increase in Shore Hardnees
on plasticized stock. Stock without plasticizer shows no hardness change after
migration treatment. No other physical properties were measured on the experi-
wental stocks after migratiou.

In addition to «n extensive study of various plasticizers, plasticizer
combinations, etc., this program covered a study of the effect of different
commercially available types of butyl rubber on low temperature brittle point, and
along this line the manufacturers of butyl rubber were contacted in an effcrt to
cttaln experimental polywmers. However, we were informed that no experimental
polywmers were available for this development,

Commercially, four grades of butyl are available, with the difference in
these being ir the percentage of isoprene which is copolymerized with isobutylene
in preparstion of the pcly=er., These available grades of butyl contain 1.0, 2.0,
2.5, ani 3.0 per cent of isoprene. These four grades were investigated, evalusted,
and compared for low temperature properties. From one of the wanufacturers of
wutyl rubber it was learned that polymers bhad been prepared in vwhich different
amounts of styrene were used, and the polymers evaluated for low tsmperature
properties. The report was that the styrene pclymers were no better at low temper-
atures than the regular butyl which contains isoprene.

Commercial carbon blacks of different particle size, of diverse methods
of manufacture, etc., vere investigated to determine their effect cn brittle point
and on physical properties, and it was noted that brittle point on the various
blacks was almost the same except for the extreme!; fine particle blacks, SAF and
EPC, both of which imparied less desirable low temperature properties than did the
coarser blacks. If maintaining highest possible tensile strength in a butyl inner
tube is importent,then with either SAF or EPC blecks, the black loading should be
in the range of 35 parts per 100 RHC (rubber hydrocarbon)., At this loading, maximum
tensile values are developed and decrease with successive load increments. In this
respect butyl differs with the commonly used synthetic rubbers vwhich exhibit maximum
tensile values with loadings of €0 and mcre of carbon black.

Whereas, the above discussed coumponents of a butyl inner tube compound,
that is, polymer, plasticizer, and carbon blacks are the major constituents in the
composition, several other ingredients which are present only in smaller amount
vere investigated and the affect of their variation moted. In this clsssirication,
acd vhich might be considered as of wminor iwportance in the butyl inner tube
formuls, are zinc oxide, the vuicanization accelerator activator, special compound-
ing ingredients, peroxide curing sgents, and effect of high temperature processing
on & butyl-carbon black mixture in & separate high temperature aixing stage,
carried out prior to completion of the final mix.

In addition to the items above mentioned, the investigation included scme
materials vhich Go not fall in any of the above classifications and are here listed
as special msterials. In this listing are the following:
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l. Tellurac - R. T. Vanderbilt Co.
Tellurinm ‘iethyldithbiocarbamate.
2' P°£!£ Ll Eo Io du Pont d-e Nemu'o

poly p-dinitroso benzene.

A recent communication from Esso laboratories indicated cutstanding
improvement in rebound, wodulus and physical properties generally, by mixing and
adding carbon black to butyl in the Banbury at temperatures ir excess of LOOCF,
Plasticizers incidentally were added in a subsequent mix and &t normal processing
temperatures, 220 - 250°F. The improved rebound obtained through this treatment
indicated a possibility for improved lov temperature flexibility and, consequently,
the suggested recommendations wera investigated. This processing technigue
effected an improvemeut in low temperature properties on the gtock before migration
treatoent; hovever, after migration low temperature brittle point was the same on
the high temperature mixed stock as that of the normal mix.

The following butyl rubber inner tube compound will meet the miiitary
requirements including low teemperature brittle point of -70CF,

GrR-I 18 100
Zinc Oxide 5
Polyac 0.4
Philblack E or EPC Black 35 =« 45
Plasticizer® 20 - 25
Captax/Tuads 1.54%
(i:2 Blend)
Sulfur 2

#*Any one of the plasticizers or s combination of same from the list of
plasticizers with satisfactory freeze resistance.

SUMMARY AND CONCLUSIONS

Plasticizers were compounded into butyl tube stock formulations which
produced satisfactory low temperature properties, that is, brittle points of -T0°F,
or lover. Unfortunately, in the laboratory, following migration tests used for
evaluation of the experimental compounds, the desirable low temperature properties
were not retained. It is not known whether the laboratory conditions as used are
more or less severe than service conditions. It is reccmmended, therefore, that to
properly evaluate some of the suggested plasticizers that inner tubes for aircraft
tires be fabricated using some of the plasticizers which exhibited satisfactory low
temperature flexibility and that the tubes be tested both before and after a
definite number of landings when mounted in airplane tires.
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Regulvs of this work demonstrate that certain plasticizere will produce
adequate low temperature flexibility according to laboratory tests; however, 4t was
found that the plasticizers are not adequately retained when placed in contact with
a netural rubber compound, ox, in oiner words, uigrate to the rubber compound.

Some of the plasticizers produced improved brittle points with increased
plasticizer. The renge of investigation covered 20, 25 and in some instances 30
parts plasticizer per 100 parts butyl rubber.

Butyl polymers with varying percentages of isoprene and resulting vari-
ation in degree of chemical unsaturation showed slight, if any, differences ia low
temperature flexibility.

An investigation of the low temperature properties of different carbon
blacks showed, except for the extremely fine particle size blacks, no difference in
brittle point. With EPC and SAF blacks, brittle poinis are not a3 low as with the
coarser hlacks, However, only these two blacks will ueet the military specifi-
cations on tensile strength for compounds for imnner tubes to be used in aircraft
tires. With these two blacks, maximum tensile values are obtained with 35 to 40
parts black per 100 parts rubber hydrocarbon. Increased black loadings result in

lower tensile strength.

No significant differences were noteq with variation in zinc oxide; how-
ever, indications are that with higher amounts of zinc oxide, brittle points are
poorer., Therefore, the recommended amount of zinc oxide is 5 parts per 100 parts
rubber hydrocarbon. This is the conventional amount used for activation.

Of the special materials investigated, silicones, peroxide curetives,
etc., no improvement was obtained in lov temperature flexibility.

The more recently recommended technique for mixing butyl rubber compounds
at high temperatures, in excess of h00°1?., failed to shov appreciable improvement
in lov temperature flexibility or of plasticizex retentivity in butyl rubber.

TESTIRG METHODS AND FROCEDURES

PrsEaration: A.S.T.M. D 15=50T
This procedure is followed with the exceptions here listed.

The batch is mixed in & 1100 cc. volume lsboratory Banmbury in vwhich
all materials are added except sulfur and &ccelerator. The Banbury
batch is sheeted on laboratory mill, allowed from two to four hours
for cooling, and sulfur and accelerator then added on 6x12 mill,

Strees Strain (Tensile) etc.: A.S.T.M. D L12-4oT

Tear: Crescent Method A.3.T.M. D 624-48

Bardness: Shore Durcmeter Type A A.S.T.M, D 676-L9T

WADC TR 54-62 9
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Rebound:

GOOdye&l‘-Healy A.S.T.M. D 105’4-‘&9T

low Temperature Embrittlement: American Cyanamide - Graves

TR Test:

Modified A.S.T.M. D Thé-L4i4T
Teat piece 1.5" x 0.25" x 0.075"

Test pleces are ccnditioned for 2.5 uminutes at the testing
temperature., At the end of this period the test pieces are
sublJected to deilection and then examined for failure. A
failure is considered to heve occurred if the test piecce 1is
broken into two separate pieces. A cracked or partielly broken
test piece iz not considered a failure.

For preliminary investigation two test pieces are used at each
testing temperature. At the final temperature, 10 test pieces
are used and 5 or more must pase for an OK.

Considerable controversy is encountered on the merits of various
low temperature test u»thods. Our use of the Graves apparatus
shall not be construed as approval of this method and no attempt
vill be made to discuss the relative merits of the various test
methods aud testing procedures. However, suffice it to say that
the Graves apparatus iz now used for evaluation of compcunds for
inner tubes for aircraft and for this reason was selected for
determining the brittle point data shown in this report.

This test is used for determining the freezing point, low
temperature elasticity and crystallization tendencies of rubber
and rubber-like materials. Details of this test are described
in India Rubber World 1951, Volume 124, Fage 1.80.

Test piece. Constricted portion k.0 x .OT5" x .075" with
tabby ends 0.25" square.

Original elongation 50%
Freezing temperature -89°F,
Conditioning period 2.5 min,
Temperature rise 1.8°F.

It will be noted in the data in this report that the teoperature
at 404 retraction show good agreement with brittle point temperature
as determined Ly the Graves apparatus.

Volatility Test:

A. On plasticizer itcself
Heat a 10 gram sample in a glass petri dish whose
diameter is approximately 2.5 inches. If available
us¢ an oven hoving a rotating shelf,

Beat 5 hours @ 225°F,

10

LR TSI PR TR T W TSRS TR W A Y S R P TSP T

. € e

?

s

A i SRR DRk

28



iyt T

b R

L Fy

R

33
£

o

ek - S N Sy

E. On compounded stock

Using a sample from a tensile sheet (approximately
075" gauge) cut 2" x 1" and determine loss uncer

following conditions:

70 hours @ 212°F.
48 hours @ 300°F.

M:I.Egtion Test:

Cut a piece cf experimental stock from e tenzile sheet (approximately
075" gauge) 2" x 1" and place between two sheets of airplane tire
carcaas stock of the same size, wrap the asscwuvly in siuminum or
other metallic foil and place between 8" x 10" sheets of plate glass.
The load on the test pieces shall be 1 kilogram per square inch of

sauple area.

The assexzbly shall be placed in an oven at 158°F.

The assembly and the experimental stock shall be weighed at 24 hour
intervals for the first four days and at weekly intervals for a period

of four weeks.

A. PLASTICIZERS INCOMPATIBLE WITH BUTYL

Formula for plasticizer evaluation:

GR-I 18
Zinc Oxide
MAF Black
Captax/Tuads

(1:2 Blend)
Sulfur
Plasticizer
Curing Temperature

WADC TR 54-62 1

100
5

55
1.54

2
Variable
287°F.
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TARLE I. Modulus @ 300% - Pounds per square inch

Parts Per
100 Gr-L{ 10 Min, 20 Min. 30 Min. 45 Min, 60 Min.
C. P. Hall #4141 20 275 475 60C 700 750
C. F. Hall #41l1 25 175 325 k25 500
Plasticizer SC 20 225 400 475 625 725
Plasticizer SC 25 200 400 450 600 T00
Plast DP-200 20 125 225 275 © 325 325
Plast DP-200 25 150 250 325 375 450
Plast DP-520 20 NC KC NC KC NC
Plast DP-520 25 NC NC NC N NC
Plast SC (20) 250 425 550 650 125
& Silicone L=45 ( 5)
KP-140 20 150 350 450 500 550
KP-140 25 150 350 350 450 500
P-1 20 NC NC NC KC NC
P-1l 25 NC NC i o KC KC
~ P-8 20 NC KC NC RC NC
P-8 25 NC KC KC NC KC
TPYOB 25 150 350 450 550 650
Ucon LB-65 20 150 375 475 550 65¢
Ucon LB-65 25 50 325 50 kso 550
§ TABLE 1I, Tensile @ Break - Pounds per square inch
2
£ C. P. Eall #:1k1 20 1575 1800 1750 1625 1475
by C. P, Hall #nkl 25 1520 1800 1600 1700 1625
:é- Plasticizer SO 20 1575 1925 1725 1725 1675
¥ Plasticizer SC 25 1200 160V 16C0 1600 1525
= Plast DP-200 20 13 5 1725 1625 1550 1525
& Plest I'P-200 25 1375 1750 1900 1775 1800
& Plast DP-520 20 N NC KC KC NC
L Plast DP-520 25 KC NC NC NC ).
: Plast SC (20) 1600 1650 1550 1450 1500
r & Silicone L-U5 (5)
KP-140 20 1500 1825 1900 1800 1700
14 KP-140 25 1050 1775 1800 1925 1750
% P-1 20 NC NC KC NC KC
¥ P-1 25 KC NC NC NC KC
e p-8 20 KC NC K NC &C
% P-8 25 NC NC NC KC KC
8 TP9OB 20 1725 1950 1900 1725 1650
g TPSOB 25 1450 1850 1875 1800 1650
% Ucon LB-65 20 1300 1850 1750 1650 1500
/ Ucon LB-65 25 1000 1675 1700 1600 1450

NC indicates no cure,
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TABLE III, Elongation @ Break - per cent

i Parts Per
100 GR-I 10 Min. 20 Min. 30 Min. 45 Min. 60 iin.
C. P. Hall #41h1 20 T40 690 610 565 500
C. P, Hall 41kl 25 810 725 65 605 570
Plagticizer SC 20 790 710 560 600 555
Plasticizer SC 25 860 ThO 765 660 625
Plast DP-200 20 765 T45 T05 650 620
Flast DP-200 25 930 765 125 685 675 :
Plast DP-520 20 NC NC nc NC NC ;
Plast DP-520 25 NC NC rc NC KC r
Plast SC (20) 55 655 610 565 530 i
& Siltcone L-U5S (5)
KP-140 20 890 715 680 645 610 i
KP-140 25 1020 T40 730 690 650 {
P-1 20 NC KC NC NC NC :
P-1 25 NC KC NC NC NC 3
2 P-8 20 KC NC KC NC KC
P-8 25 KC NC KC NC NC |
TP9OB 20 795 665 600 550 510 !
TPYOB 25 610 655 660 615 555
Ucon LB-65 20 820 710 670 625 575 ‘
Ucon LB-65 25 1070 710 655 625 570 ;
§ TABLE IV. Tear - pounds per inch '
& !
Y . P. Hall #1kl 20 240 239 190 168 158
5 C. P. Hall ##1k1 25 196 205 187 183 147
® Plasticizer SC 20 230 2h 202 193 150
8 Plasticizer SC 25 181 239 265 266 268
£ Plast. DP-200 20 212 226 200 165 14
® Plast. DP-200 25 216 2Tk 252 202 190
; Plast. DP-520 20 NC NC NC NC KC
Plast. DP-520 25 NC NC NC NC KC
3 Plast. SC (20) 214 210 188 143 195
5 & Silicone L-45 ( 5)
KP-140 20 230 232 242 182 176
KP-140 25 1Th 207 21b 171 178
P-1 20 NC NC NC NC NC
P-1 25 NC NC NC NC NC
P-8 20 BC NC NC NC NC
TPYOB 20 220 22¢ 202 176 161
TPOCB 25 179 216 188 149 134
Ucon LB-65 20 158 260 3 153 134
Ucon IB.6S 25 128 224 187 168 136

NC indicates no cure.

WADC TR S54-62 13




TABLE V. Hardness (Shore Durometer Type A)

Paris Per
100 GR-I  1C Min. 20 Min. 30 Min. 45 Min. 60 Min. i
C. P, Hall #lhk1 20 38 k2 bl 46 48
C. P, Hall #41k1 25 35 39 ko 42 by i
Plasticizer SC 20 36 39 5 4l 46 3;
Plasticizer & 25 35 38 39 "1 43 §
Plast. DP-200 20 35 40 b2 bl ks g
Plast. DP-200 25 35 37 39 40 40 §
Plast, DP-520 20 NC NC NC NC KC i
Plast., DP-520 25 NC NC NC KC KC é
j Plast. SC (20) 38 4o b2 k5 46 ;
S & Silicone L~-k5 (5)
B KP-140 20 35 ko 42 bk Iy f
§ KP-140 25 34 36 38 4o k2 }
% P-1 20 NC NC NC NC KC é},
%: P-1 25 NC RC NC NC KC {
3 P-8 20 NC NC NC NC NC é
% p-8 25 KC NC KC NC KC 2
f TPYOB 20 37 Lo 43 45 L6
E; TPYOB 25 3k 38 %0 42 ll
5 Ucon LB-65 20 36 0 b 5 6
;5‘:‘1 Ucon LB-65 25 34 39 k1 k3 45
E RC indicatcs no cure.
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TABLE VI. Rebound (Goodyear-Healy) 60 Min, @ 287°F.
Embrittiemert (American Cyansmide-Graves) 60 Min. @ 287°F.

TR (40% Retraction--Original Elongation 50%) 60 Min. @ 287T°F.

L gLk

T+

Parts Per
100 GR-I Rebound Eambrittlement IR

C. P. Hall #h1k1 o) 51% OK @ -58°F. -38°F.
C. P. Hall #4141 25 k9.6 i -540 -348°
Plasticizer SC 20 50.6 u =540 -24°
Plasticizer SC 25 k9.6 " -60° -19°
Plast, DP-200 20 32.9 " -560 -540
Plast. DP-200 25 b1,2 " o580 -53°
Plast. DP-520 20 NC NC NC

- Plast. DP-520 25 NC NC NC
Plast. SC (20) 47.8 0K @ -5k° -0
& Silicone L-45 ( 5)
KP-140 20 3T.4 - -
KP-140 25 36.1 - -
P-1 20 NC NC NC
P-1 25 NC NC NC
P-8 20 NC NC NC
P-8 25 NC NC NC
TP9OB 20 46 .4 OK @ -67° -58°

5 TP9OB 25 46.9 - S

£ Ucon LB-65 20 41.6 0K @ -60° -52°

£ Ucon LB-65 25 b1.6 1t -60° -53°

-

NOTE:

No physical data is shown on the following plasticizers which are
incompatible in butyl rubber.

&, Dibutyl maleate

b. Tributyl phosphate

¢. Dibenzyl ether

d. Pycal 70 - Frou Atlas Powder Co.
e, Dibutyl aconitate - C. P. Hall Co.

NC indicates no cure.

WADC TR 54-62 15
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TABLE VII. TR- Temperature Retraction

Cure 66 @ 287°F.

Temperature data in minus degrees Fahrenheit for percentage
retractions (T-1, T-2, etc.) indicated.

Parts Per
100 GR-I T-1 T-2 T-3 T-5 T-10 T-20 T-30

C. P. Hall #1k1 20 89°F. 8T°F. 82°F. TUOP, 63°F.  53°F. 450F,
C. P. Hall #4141 25 - 89 7 h 63 51 42
Plasticizer SC 20 8 18 67 55 40 31
Plasticizer SC 25 89 18 67 51 36 26
Plesticizer DP-200 20 89 8s 83 76 71 63 58
Plasticizer DP-200 25 83 83 78 T3 69 52 56

2 Plasticizer DP-520 20 NC NC NC NC NC NC NC
Piasticizer DP-520 25 KRC NC NC NC NC HC RC
Plasticizer SC (20) 8s 83 T8 T3 65 55 9
& Silicone L-45 ( 5)

3 P-1 20 NC NC s NC NC NC NC
P-1 25 NC NC NC NC HC NC NC
P-8 20 NC NC NC c HC XC NC
P-8 25 NC NC NC NC NC NC NC
TP90B 20 - 89 87 80 T3 65 60
Ucon LB-65 20 - 87 83 T6 T0 63 58
Ucon LB-65 25 - 87 83 6 70 63 56

$ Parts Per °

i i00 GR-I T-40 T-50 T-60 T-70 T-80 T-90

3

& C. P. Hall #11k1 20 38 31 25 15 9 Y

B C. P. Hall #4#1kl 25 36 27 18 13 8 £9

4 Plasticizer SC 20 2k 17 1 9 1 {9

- Plasticizer SC 25 i9 13 10 8 #3 414

3 Plasticizer DP-200 20 56 51 W6 k1 33 18

S Plasticizer DP-200 25 53 W7 k2 % 27 T

o Plasticizer DP-520 20 NRC NC RC NC NC NC
Plasticizer DP-520 25 NC NC NC NC NC NC
Plasticizer SC (20 ko 36 29 20 11 0
& Silicone L-45 (5
P-1 20 NC NC NC NC NC NC

3 P-1 25 NC NC NC XC N NC
P-8 20 AC KC NC NC NC NC
P-8 25 NC NC NC NC NC NC
TP9OB 20 58 5k 50 ks 38 27
Ucon IB-65 20 52 51 k6 by 36 26
Ucon LB-65 25 53 50 a7 hhy 36 26

WOrE: HNo TR data obtained for KP-1UO plasticizer at 20 and 25 parts loading and
for TPOOB at 25 parts loading.

N S e il

IQ indicates no cure,

YALC TR 5k-62 26
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B. SILICONE DC 510 FIUID AND ESTER PLASTICIZER IN BUTYL
[ Formula:
g GR-I 100 |
2inc Oxide 5 3
MAF black 55
Captax/Tuads 1.54
(1:2 Blend)
Sulfur 2

(DC 510 Fluid)

R

(Adipol 2 EH )
Curing temperature

25 combined total
287°F.

TABLE VIII.

Modulus @ 300% - Pounds per sauare inch

Parts Parts :
DC 510 Adipol '
Fluid 2°3 10 Min. 20 Min. 0O Min, 45 Min. 60 Min.
0 25 100 525 650 800 875 5
5 20 175 500 600 T15 850 !
10 15 150 500 600 T75 850
15 10 100 450 550 T00 750
20 5 5 350 525 625 650
: Tensile @ Break - Pounds per square inch
: 0 25 15 1725 1900 1600 1750 i_
= 5 20 1050 1825 1825 1750 1650 |
:; 10 15 1150 1675 1650 1675 1450 i
- 15 10 1000 1650 1650 1500 1500 {
¢ 20 5 600 925 1000 1100 850 i
’* Elongation @ Breck - Per cent {
‘ 0 25 830 650 630 525 510
5 20 810 725 645 600 545
* 10 15 880 685 635 590 490
15 10 930 685 650 540 520
20 5 825 555 500 460 380
Tear - Pounds per inch
0 25 a7 226 206 47 155
5 20 140 210 220 186 150
10 15 148 196 206 159 137 ]
15 10 108 24 175 163 179 f
20 5 107 163 153 132 153 {
ADC TR 54-62 17

e e ) A NI N T Dl NPT M T Y 8 T v

© NS oS BTN KIS T



e RO

s D VY

TABLE VIII. (Contd.)

Hardness: (Shore Durometer Type A)

Parts Parts

IC 520 Adipol

Fl»id 2 EH 10 Min. 20 Min. 30 Min. 45 Min, 60 Min.
0 25 34 43 45 48 49
5 20 36 43 45 47 49
10 15 38 Ly 46 48 49
15 10 38 46 Lo 51 52
20 5 37 43 k5 47 48

TABLE IX. Rebound (Goodyear-nealy) 60 Min. 8 28]'0? .
Euwbrittlement ( American Cyanamid-Graves ) 60 Min. 8 28T°F.

TR (40% Retraction - Original Elongation 50%) 60 Min. @ 287°F.

Parts
IC 510 Fluid Adipol 2 EH Rebound Embrittlewment TR
o} 25 58.4% OK -T2°F. -72°F.
5 20 55.4 "aT2 -7
10 15 52.0 "72 -66
i5 10 45.5 " -53 -69
20 5 37.4 " o-k9 =55
Remarks:

DC 510 fiuid was incorporated into batch by first premixing this material
into dry black.

Batch with 20 parts DC 510 fiuid was mixed with difficully and batch
vith 25 parts was impossible to mix, and therefore no data is shown for 25
parts.

g / v,
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TABLE X, TR - Temperature Retraction

Cure 60 @ 287°F.

Temperature in minus degrees Fahrenheit for percentsge retraction
indicated (T-1, T-2, etc.)

o ST

i Co

Parts Parts
DC 510 Adipol
Fluid 2 EB T.1 T-2 T-3 I~5 T-10 T-20 T-30
0 25 - - - 88 86 82 T
5 20 - 5 - 87 83 79 73
10 15 = - 87 3 81 v 71
15 10 - 87 85 &2 78 76 s
20 5 83 82 80 76 71 63 59
.{;
?f Parts Parts
e DC 510 Adipol
g Fluid 2 FH T-4o T-50 T-60 T-70 T-80 T-90
i ) 25 12 71 67 63 58 46
% 5 20 1 67 63 60 5k by
e 10 15 66 63 60 56 51 38
: 15 10 69 63 57 53 k6 31
20 5 55 52 48 Lh 39 26

WADC TR 54-62
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C. PLASTICIZERS WITH DEFICIENT FREEZE RESISTANCE

The formuwla is8 the same as showvn in Section A. for plasticizers
incompatible with butyi,

TABLE XI. Modulus @ 300% - Pounds per square inch

Parts Per
100 GR-I 10 Min. 20 Min. 30 Min. 45 Min. 60 Min.

Forua 40 0il 15 400 575 800 900 1000
Forum 40 0il 20 350 ST5 T00 350 1000
Forum 40 011 25 275 475 600 125 825
C. P. Hall 3890-A 20 275 500 625 T15 850
C. P. Hall 3890-A (20) 325 koo 575 700 T75
& Silicone L-4S ( 5)
Plast. MI-511 20 200 375 400 500 625
Plast. MT-511 25 125 275 350 475 525
VR-1 Ester 20 175 325 375 5 575
VR-1 Ester 25 125 225 325 350 koo
10-A Plast. 20 150 550 7125 850 950
Dibutyl Sebacate 20 200 €00 700 875 950
Dibuvsyl Sebacate 25 150 450 600 750 825
¥ Adipol ODY 2C 200 525 650 800 875
Adipoi ODY 25 200 475 600 125 775
i Ohopex R-9 20 5 125 150 175 175
: Ohopex R-0 25 NC 15 7 125 15
{ KP-555 20 315 5 675 800 675
¥P-555 25 275 425 550 650 150
Monoplex S-T1 20 150 250 300 350 350
Monoples S-T1 25 125 175 225 250 250
20




TABLE XII. Tensile 8 Break - Pounds per square inch

& Parts Per
X 100 GR-I 10 Min. 20 Min. 30 Min. 45 Min. 60 Min.

Forum 40 0i1 is 1725 1925 1550 1950 1875
Forum b0 051 20 1675 1925 2000 1950 1750
Forum 40 011 25 1325 1875 1875 1825 1725
C. P. Hall 3890-A 20 1500 1750 1800 1625 1550
C. P. Hall 3890-A (20) 1625 1625 1625 1625 1500
& Silicone L-k5 ( 5)

Plast. MP-522 20 1525 1775 1775 1725 1600
Plast. MT-511 25 825 1275 1325 1425 157

VR-1 Ester 20 1275 1725 1825 1900 1675
VR-1 Ester 25 1050 1775 1775 1875 2775
10-A Past. 20 1150 182s 1875 1900 1600
Dibutyl Sebacate 20 1150 1925 1800 1800 1700
Dibutyl Sebacate 25 1200 1775 1850 1675 1650
Ad’pol ODY 20 1450 1975 1975 1950 1800
Adipol ODY 25 1350 1950 1950 1825 1725
Ohopex R-9 20 475 1050 1325 1450 1425
Ohopex R-9 25 KRC 625 7125 950 725
KP-555 20 1925 1975 1950 1750 1750
KP-555 25 1TT5 1975 1825 1875 1750
Monoplex S-T1 20 1400 1800 1700 1850 1800
Monoplex 8-T1 25 1300 1575 1750 1825 1775

TABLE XIII. Elongation @ Break - Por cent

X Forum %0 01l 15 810 750 655 600 555
i Forua 40 011 20 800 715 590 650 520
‘ Forum 40 01l 25 715 45 690 630 550
: C. P. Hall 36890-A 20 795 645 650 545 490
4 C. P. Hall 3890-a (20) T€5 670 630 580 540
& & Silicone L-45 ( 5)
Plast. MI-511 20 805 730 660 615 585
: Plast. MP-511 25 1010 780 720 (385 655
VR-1 Ester 20 930 805 780 125 700
VR-1 Ester 25 935 8l5 790 765 T20
. 10-A Plast, 20 T70 65¢< 605 575 470
v Dibutyl Sebecate 20 T75 655 590 520 495
A Dibutyl Sebacate 25 8ho 645 630 555 510
g Adipol ODY 20 850 730 695 62¢ 555
£ Adipol ODY 25 875 135 685 610 570
g Ohopex R-9 20 1060 1015 1000 980 930
Z Ohopex R-9 25 NC 1050 900 10k0 885
Z KP-555 20 815 720 680 580 550
g KP-555 25 825 755 680 645 580
Monoplex S~T1 20 895 895 805 800 780
i Monoplex 3-T1 25 9o 875 885 8us5 835

HC indicates no cure.

WALC TR 54-62 21
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TABLE XIV Tear - Pounds per inch

Parts Psr
100 GR-1 10 Min. 20 Min. 30 Min. 45 Min. 60 Min.

Forum 40 011 15 224 238 232 212 198
Porum 40 0il 20 204 216 210 202 17h
Forum 40 01l 25 189 222 214 182 177
C. P. Hall 3890-A 20 216 224 219 196 157
C. P. Hall 3890-A (20) 245 2ik 190 160 210
& Silicone L-45 (5)
Plast. MI-511 20 197 237 191 178 181
Plast. MI-511 25 167 230 256 245 297
VR-1 Ester 2c 185 256 257 267 245
VR-1 Ester 25 172 . 245 242 232 210
10-A Plast. 20 164 214 188 173 189
Dibutyl Sebacate 20 151 21k 204 190 42
Dibutyl Sebeacste 25 139 202 19k 159 156
Adipol ODY 20 210 254 228 200 159
Adipol ODY 25 199 236 240 232 156
Chopex R-9 20 T9 148 180 151 208
Ohopex R-9 25 NC 100 12 135 137
KP-555 20 244 2u6 231 175 169
KP-555 25 246 230 185 203 204
Mcnoplex S-T1 20 206 216 2 236 230
Monoplex S5-T1 25 17h 228 222 240 218
TABLE XV, Hardnecs (Shore Durometer Type A)
Forum 40 011 15 43 L7 L9 51 52
; Forum 40 0il 20 4 hs 7 4o 51
& Porum 40 0il 25 37 Lo il 46 i7
5 C. P. Hall 3890-A 20 38 il L7 49 50
g C. P. Hall 3890-A (20) 36 b3 b5 47 k3
& Silicone L-U45 ( 3)
¥ Plast. ME-511 20 42 45 47 48 k9
X Plast. MF-511 25 ) b b5 46 46
VR-1 Ester 20 38 k1 b3 45 L6
VR-1 Ester 25 33 38 ko 41 43
10-A Plast. 20 38 Ly e 48 50
Dibutyl Sebacate 20 38 ks h"{ ko 50
Dibutyl Sebacate 25 3h4 41 Ly k6 L7
] Adipol ODY 20 37 hy 46 ko 51
£ Adipol ODY 25 35 h2 ks L7 L9
N Ohopex R-9 20 30 34 36 37 38
Ohopex R-9 25 25 30 32 33 33
2 KP-555 20 ha hé 47 ol 22
3 KP-555 25 39 Ly 46 48 k9
& Monoplex S-71 20 37 39 ko b1 41
Monoplex S-T1 25 32 36 38 39 39
&
g., NC indicates no cwre.
=
-5 WADC TR Sk-62 22
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TABLE XVi.

Rebound (Goodyear-Healy) 60 Min. @ 287T°F.
Embrittlemsnt (American Cyanamide-Graves) 60 Min. @ 287°F,

TR (40% Retraction - Original Elongation 50%) 60 Min. @ 287°F.

Parts Per

100 GR-I Rebound Embrittlewcat TR
Forum 40 011 15 45.1% 0K @ -5L°F. -57°P.
Forum k0O 01l 20 TR -62 -58
Foruam 40 011 25 50.1 -62 -61
C. P. Hall 3890-A 20 56.4 -5h -67
C. P. Hall 3890-A (20) 56 -60 -67
& Silicone 1-45 ( 5)
Plast. Mr-511 20 35.3 =l =45
Plast. MT-S11 25 32.9 -hh -hs
VK-1 Ester 20 b3.7 -kg -54
VR-1 Ester 25 TS -49 -56
10-A Plast. 20 sk.9 -5% -5k
Dibutyl Sebacate 20 59.5 -54 -7
Dibutyl Sebacate 25 61.5 -5k -42
Adipol ODY 20 6l1.5 i -56 =47
Adipol ODY 25 64.1 . -56 -49
Ohopex K-9 20 h,2 v -56 -49
Ohopex R-9 25 43.3 " =67 -45
KP-555 20 54.9 " -53 -59
KP-555 25 59.0 " =56 -
Monoplex S-T1 20 45.1 " -48 -59
Monoplex S-T1 25 k8.2 " -58 -58
YALC TR 54-62 23
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TABLE XVIT,

TR_- Tempersture Retraction

Temperature in minus degrees Fahrenkeit for percentage retraction indicated (-1,

T-2, etc.)

Forum 40 0il

Forum 40 01l

Forum 40 01l

C. P. dall 3890-A
C. P. Hall 3890-A
& Silicone L-45

Plasticizer MIr-511

Plasticizer MP-511

VR-I Ester

VR-I Ester

10-A Plasticizer

Dibutyl Sebacate
Dibutyl Sevacate

Adipol ODY

Adivol ODY

Ohcpex R-9

Ohopex R-9

KP-555

KP-555

Monoplex S-T1

Monoplex S-T1

No Plasticizer

Forum 40 01l

Forum 40 041

Forua 4O 0il

C. P. Hall 3890-A
C. P. Hall 38G0-A
& Silicone L-45
Plagticizer MT-511

Plasticizer MI-511
VR-1I Ester

VR-I Ester

10-A Plasticizer
Dibutyl Sebacate
Dibutyl Sebacate
Adipol ODY
Adipol ODY
Ohopex R-9

Ohopex R-G

KP-555

KP-555

Monoplex S-71
Monoplex S-T1

No Plasticizer

WADC TR 5k-62
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Parts Per
100 GR-I T-1 T-2 7-3 I-5 P-10 T-20 T-30
15 89 87 83 81 3 66 62
20 87 85 83 81 T 67 62
25 87 85 83 82 76 68 65
20 - - 89 88 87 (3 71
%20; = = 89 88 83 76 T
5
20 82 T2 T0 64 60 53 h9
25 87 T2 T0 63 60 53 L8
20 - - 89 82 73 65 58
25 - - 89 85 77 66 60
20 83 82 81 T3 T1 62 56
20 - 87 33 8o 69 60 54
25 - 89 87 80 67 55 L1
20 - - 87 83 73 61 53
25 83 - 17 11 60 47 39
20 = 87 86 83 Th 62 51
25 - - 87 8k 76 65 55
20 87 86 84 80 Th 67 33
25 87 85 83 8o T 68 63
20 - 87 85 63 8 T (2
25 - - 87 86 81 73 €<
(None) 82 81 T T1 6h 56 51
Parts Per
100 GR-I T-4O T-50 T-60 T-70 T-80 T-90
15 5T sl he 'Y 36 18
20 58 sk 5a ks 37 22
25 61 ST 4% 48 ko 28
20 67 63 60 56 k9 3®
220; 67 63 60 56 k9 38
5
20 ks ho 36 29 17 b
25 ks 39 313 26 19 o
20 5k 51 ko k2 35 19
25 56 51 87 @3 35 i5
20 5k 51 46 b 37 27
20 k7 ko 36 271 19 h
25 k2 36 30 23 13 o
20 47 42 35 29 a1 20
25 31 28 22 13 b 410
20 k3 32 22 1n 41 $23
25 ks 31 12 £l 718 #34
20 59 55 52 48 k2 32
25 60 56 53 50 ks 35
20 59 52 b3 27 13 {1
25 58 b7 35 22 9 {1
(¥one) 45 41 36 31 26 9
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TABLE XVI1I.

TR - Temperature Retractiiz .“rer L Weeks Migration at 158°F.

Psxrts Per 100 GR-I

Original After -1 T-2 T-3 T-5 T-10 T-20
Migration
Forum 40 01l 15 9.5 87 35 83 78 T2 64
Forum 40 01l 20 1.6 87 85 83 79 T2 64
Forum 40 01l 25 14.0 81 85 83 19 72 65
Ho Plasticizer None None 88 86 83 8 T1 62
Parts Per 100 CR-I
Original After
Migration T-40 T-50 T-60 T-70 T-80 T-90
Forum 40 0il 15 9.5 55 51 k6 y2 36 18
Forum 40 01l 20 1.6 56 52 7 43 36 21
Forum 40 01l 25 1.0 55 52 46 &1 33 17
No Plasticizer None None 5k 48 ks 4o 34 24

WADC TR 54-62
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D. PLASTICTZFRS WITH SATISFACTORY FREEZE DRCTSDANCE

The formula 18 the same as shown in Section A. for plasticizers
incompatible with butyl.

TABLE XIX.

Modulus @ 300% - Pounds per square inch

C. P. Hall 3890-2
Adipol 2 EH

Adipol 2 ER

10-A Plast.

C. P. Hall 3890-A

& L-hl Silicone

C. P. Hall 3W890-A

4 L-%1 Silicone

Di 2 Ethyl Hexyl Ether

Di 2 Ethyl Hexyl Ether
Trioctyl Phoegphate
Trioctyl Phosphate

Butyl Cellosolve Pelargonate
Butyl Cellosolve Pelargonate
Butyl Carbitol Pelargoaate
Butyl Carbitol Pelargonate
Diisobutyl Azelate
Diisobuiyl Azelate
Monoplex DOS

Monoplex DO

Hexyl Ether

Hexyl Ether

¥C indicates no cure.

WADC TR Sh-62

DOV ————— T
WGy & AR
o St o PN A TS

Parts Per
10C GR-I 10 Min. 2C Min. 30 Min. 45 Min. 60 Min.

25 175 oo 525 600 T00
20 160 540 680 8as 910
25 100 525 650 800 875
25 NC 500 65C 715 850
(2<5>) 150 kso 525 675 TT5
215; 150 500 560 750 825
(10)

20 225 k2s 575 T00 850
25 275 koo 550 650 T25
20 150 500 600 650 750
25 5 315 500 550 625
20 350 600 725 875 950
25 25 450 6 T25 850
20 175 425 550 675 750
25 175 375 500 600 125
20 225 525 675 350 975
25 200 500 650 800 875
20 225 525 675 5 900
25 225 450 ST5 675 750
20 k50 650 800 950 1000
25 300 b5 575 750 800
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TABLE XX. Tensile at Break - Pounds per square inch

Parts Per
100 GR-I 10 Min. 20 Min. 30 Min. NS Min. 60 Min.
C. P. Hall 389C-A 25 1250 iT(s 1700 1650 1925
Adipol 2 EH 20 1070 1910 1870 1750 1650
Adipol 2 EH 25 7S 1725 1900 1600 1750
10-A Plast. 25 NC 1900 1725 1875 1750
C. P. Hall 3890-A (20) 1150 1875 1900 1875 1650
& L-41 Silicone ( 5)
C. P. Hall 3890-A (15) 1000 1900 1775 1650 1700
& L-41 S1licone (10)

Di 2 Ethyl Bexyl Ether 20 1400 1800 1825 1925 2775
Di 2 Ethyl Hexyl Ether 25 1625 1775 1800 1700 1800
Trioctyl Phosphate 20 1325 2075 2075 1950 1800
Trioctyl Phosphate 25 1000 187y 2050 1900 1850
Butyl Cellosolve Pelargonate 20 1625 1950 1850 1750 1625
Butyl Cellosolve Pelargonste 25 1625 1850 1825 1775 1600
Butyl Carbitol Pelargonate 20 1300 1950 1925 1775 1600
Butyl Carbitol Felargoreste 25 1425 2000 2000 1950 1700
Diisobutyl Azelate 20 1500 1800 1900 1800 1650
Diisobutyl Azelate 25 1225 1875 1950 1825 1850
Moroplex DOS 20 1325 1925 1975 1950 1925
Monoplex DOS 25 825 2000 1875 1875 A

Bexyl Ether 20 1675 1750 1750 1625 1550
Hexyl Ether 25 1500 1675 1775 1600 1425

TABLE XXI. Elongation @ Break - Fer cent

C. P. Hall 3890-A 25 810 670 635 590 550
= Adipol 2 ER 20 800 680 640 565 515
Adipol 2 EH 25 830 650 630 525 510
A 10-A Plast. 25 KC 680 615 595 530
% C. P. Hall 3890-A (20) 810 710 665 600 500
¥ & L-41 8ilicone ( 5)
C. P. Hall 3890-A (15) 895 €95 635 5%0 550
& L-41 Silicone £10)
Y Di 2 Bthyl Hexyl Ether 20 875 755 705 700 595
' Di 2 Ethyl Hexyl Ether 25 8x 175 715 645 640
Prioctyl Phosphate 20 955 765 705 670 600
Trioctyl Ptosphate 25 9ks ~ Th5 ThO 675 635
Butyl Cellosolve Pelargonate 20 755 Ths 655 575 500
Butyl Cellosclve Pelargonate 25 870 730 655 610 540
# Butyli Carbitol Pzlargonate 20 800 750 685 620 505
& Butyl Carbitol Pelargonate 25 8ko 715 725 690 570
; Diisobutyl Azelate 20 900 695 §8o 600 k95
Diiscbutyl Azelate 25 723 ;;5 ';gg ggg 6522
Monoplex DO 20 9 iC
uogm DO8 25 680 815 725 680 660
Eexyl Ethor 20 ThS 605 610 475 455
Fexyl Ether 25 800 700 680 165 490

BC indicates no cure.

WADC TR Sk-62 27




TABLE XXII. Tear - Pounds par inch

Parts Per
100 GR-I 10 Min. 20 Nin. 30 Min. kS Mip. 60 Min.
C. P. Hall 3890-A 25 172 218 191 200 164
Adipol 2 EH 20 150 236 200 By () 169
Adipol 2 EH 25 97 226 206 147 155
10-A Plast. 25 NC 27h 202 178 160
C. P. Hall 3890-A (20) 159 220 206 182 153
& L-41 Silicone ( 5)
C. P. Hall 3800-A (15) 130 258 199 189 171
& L-b) Silicorz (10)
Di 2 Ethyl Hexyl Ether 20 19k 208 224 180 170
Di 2 Ethyl Hexyl Ether 25 220 218 189 178 158
Trioctyl Phosphate 20 204 280 226 220 19%
Tricctyl Phosphate 25 109 22k 218 195 190
Butyl Cellosolve Pelargonate 20 264 238 192 169 159
Butyl Cellosolve Pelargonate 25 188 218 179 168 iks
Butyl Carbitol Pelargonate 20 250 238 195 216 150
Butyl Carbitol Pelargonate 25 202 222 212 208 178
Diisobutyl Azelate 20 194 23% 236 189 180
Diisobutyl Azelate 25 222 260 208 150 206
Monoplex DOS 20 202 238 21% 188 1862
Monoplex DOS 25 173 224 194 189 204
Hexyl Ether 20 234 204 186 172 151
Hexyl Ether 25 226 230 192 155 144
TABLE XXIII. Hardness (Shore Durometer Type A)
C. P. Hall 3890-A 25 34 4o kh k& T
Adipol 2 EH 20 37 iy b7 k9 51
i Adipol 2 EH 25 3k 43 4s 48 ho
10-A Plast. 25 KC 42 4s L8 ho
C. P. Hall 3890-A (20) 35 b1 by L6 47
: & L-41 Silicone (5)
* C. P, Hall 38o(0-A (15) 35 b1 kL 46 47
: & L-41 Silicone (10)
Di 2 Ethyl Bexyl Ether 20 39 43 45 b7 48
Di 2 Ethyl Hexyl Ether 25 38 k2 &k 46 48
Trioctyl Phosphate 20 35 bl hs k6 48
Trioctyl Phosphate 25 32 b1 b3 hh I
Butyl Cellosolve Pelargonate 20 4o ks L8 51 52
Butyl Cellocsolve Pelargonate 25 36 42 ks L8 k9
Butyl Carbitol Pelargonate 20 38 Lh L& L8 Lo
Butyl Carbitol Pelargonate 25 3% 7o} by 46 L8
Diisobutyl Azelate 20 39 h5 48 50 52
Diisobutyl Azelate 25 35 b3 ks b1 k9
Monoplex DOS 20 39 Ly 46 49 50
Monop.ex DOS 25 35 41 bl W6 b7
Hexyl Ether 20 k2 b7 50 52 53
i Hexyl Ether 25 39 b2 4s A7 49
| NC indicates no cure.
28
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-TO°F.
-71
=72
-Th
-71

-67

-76°r 3
-714
-T0
-72
-7%

-67
-67
-66
-68
-70
-73
=72
-T2

TABLE XXIV.
Rebound (Goodyaar-Healy) 60 Min. @ 287%®,
Eubrittlement (American Cyanamid-Graves) 60 Min. @ 287°F.
TR (40% Retraction - Original Elongation 50%) 60 Min. @ 267°F.
Parts Per
100 GR-1 Rebound Embrittlemcat
C. P. Eall 3890-A 25 58.u4% 0K @ -T2°F
Adipecl 2 EH 20 8.4 =Tl
Adipoi 2 EE 25 58.4 -72
10-A Plast. 25 STk -T2
C. P. Hall 3890-A (20) 53.9 -T2
& L-41 Silicone (5)
C. P. Hall 3890-A (15) 50.1 -T2
& L-k1 Silicone ; (10) _
Di 2 Ethyl Hexyl Ether 20 57.4% OK @ -78%.
Di 2 Ethyl Hexyl Ether 25 .0 " -76
Trioctyl Fuospaste 20 51.5 " -63
Trioctyl Phosphate 25 57.9 " -6
Butyl Cellosolve ?Pelargonate 20 Oit. 1 5 -T2
Butyl Cellosolve Pelargonate 25 66.8 . -78
Butyl Carbitol Pelargonate 20 61.5 by -T2
Butyl Carbitol Pelargonate 25 61.0 " -T6
Diisobutyl Azelate 20 571.9 * =72
Diisobuiyl Azelate 25 €1.0 " -T2
Moanoplex DOS 20 54.9 s -67
Monoplex DOS 25 56.9 " -T2
Hexyl Ether 20 64.1 " -7
Bexyl Ether 25 6.1 ) -Th
WADC TR 54-62 29
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TABLE XXV. TR - Temperature Retraction

Temperatu§e in minus degrees Fahrenheit for percentage retraction indicated (T-3,
T-5, ete.

Partg Per
100 35-I T-3 T-5 T-10 T-20 T-30
C. P. Hall 3690-A 25 - 89 88 81 72
Adipol 2 EH 20 89 88 82 78 75
Adipol 2 EH 25 89 838 82 719 76
10-A Plasticizer 25 - 89 87 82 78
C. P. Hall 3890-A (20) 89 87 83 78 T
& L-41 Silicone ( 5)
C. P. Hall 3890A (15) Ro 87 83 T4 69
& L-41 Silicone (10)
Di 2 Ethyl Hexyl Ether 20 S - 87 84 81
D1 2 Ethyl Hexyl Ether 25 - - 85 82 19
Trioctyl Phosphate 20 - - €3 78 Th
Trioctyl Phosphate 25 - - 80 78 76
Butyl Cellosolve Pelargonate 20 - 87 86 82 78
Butyl Cellosolve Pelargonate 25 - - 87 63 81
Butyl Carbitol Pelargonate 20 - 85 83 11 T2
Butyl Carbitol Pelargonate 25 - 85 83 1 T2
3 Diigobutyl Azelate 20 - 85 83 T T2
Diisobutyl Azelate 25 - 87 63 78 712
Monoplex DOS 20 - 87 &% 19 T
Monoplex DOS 25 - 87 85 82 T
Hexyl Ether 20 - - 86 82 76
Hexyl Ether 25 - - 86 82 76
Parts Per
100 GR-I T-40 T-50 T-&0 T-71¢ T-80 1-%0
§ C. P. Hall 3890-A 25 70 66 63 59 53 42
- Adipol 2 EH 20 71 69 63 62 =4 by
i Adipol 2 EH 25 72 69 65 62 58 47
- 10-A Plasticizer 25 T T 67 62 5T 4s
C. P. Hall 2890-A (20) T 67 62 5T 53 38
¢ & L-41 Silicone (5)
b C. P. Ball 3890-A (15) 67 66 60 56 4o 38
v & L-U1 Silicone (10)
Di 2 ithyl Hexyl Ether 20 76 72 68 63 56 ko
Di 2 Ethyl Hexyl Ether 25 % ypY 67 59 sl 35
Trioctyl Phosphate 20 70 51 63 59 5k k2
Trioctyl Phosphate 25 72 70 66 63 55 45
Butyl Cellosolve Pelargoustes 20 T4 T2 65 64 58 4s
Butyl Celliurolve Pelargonate 5 4 3 70 65 60 4s
Butyl Carbitol Pelargonate 20 67 65 59 5h ko 4o
Butyl Carbitol Pelargonate 25 67 65 59 55 49 38
Diigobutyl Azelate 20 66 65 60 56 51
Diisobutyl Azelate 25 68 65 61 51 S ko
Monoplex DOS 20 70 66 63 58 53 A4l
Monoplex DOS 25 13 T0 66 62 55 43
Hexyl Ether 20 T2 68 64 60 53 37
Hexyl Ether 25 T2 67 63 58 50 32

 WADC TR 54-62



TAZLR XXVI. TR - Temperature Retraction After k Weeks Migration at 158°F.

Partes Per 100 Gi-1

After
Original#® Migration** 7T.-2 T-3 1-5 T-10 T-20 T-30

C. P. Hall 3890-A 25 9.6 7 85 83 75 68 63
\ Adipol 2 EH 20 8.8 8 8 80 T4 67 62
i Adipol 2 EE 25 190.9 8T 8 83 T4 67 63
10-A Plasticizer 25 10.7 - 86 83 15 67 63
Di 2 Ethyl Hexyl Ether 20 14.0 86 - 81 T4 66 63
Di 2 Ethyl Hexyl Ether 25 18.2 871 - 8c T2 6L 58
Trioctyl FPhospuate 20 6.6 83 - 80 T2 65 60
Trioctyl Phosphate 25 T.7 83 - 80 T2 66 61
Lyl Cellosolve Pelargonate 20 12,2 8 - 8L T4 65 60
Butyl Cellosolve Pelargonate 25 18.9 86 - 83 173 63 58
Butyl Carbitol Pelargonate 20 9.9 85 - 80 Tz 65 60
Butyl Carbitol Pelargonate 25 11.8 86 - 83 15 69 63
Diisobutyl Azelate 20 8.7 81 - 8 19 M 67
Diisobutyl Azelate 25 10.8 86 - 83 T17 T0 63
Monoplex DOS 20 11.0 8 - 83 76 69 €4
Monoplex DOS 25 k.5 8 - 83 176 69 64
Hexyl Ether 20 18.2 82 - 80 T2 63 59
Hexyl Ether 25 21.6 8t - 83 81 68 62
Nataral Rubber Tube k.0 k.0 83 8 8 18 5 T2
Compound
WOTEB:

# Parts per 100 @R-I original. This refers to the parts plasticizer per 100 parts
butyl hydrocarbon which wvas added to the compound.

% #% Parts per 100 GR-I - after migration. Based on the weigkt loss of the semple

3 durinz migration and assuaing that th~ entire weight change is due to loss of
plasticizer, tiis value is determined by subtrecting che amount lost froa the
4, original and represents the amount of plasticizer retained after wigration and
< is expressed in parts plasticizer per 100 parts butyl hydrocarbon.

@

WADC TR 54-62
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TABLE XXVI. (Contd.)

Parts Per 100 GR-I

After
Original®* Migratiop®* T-40 P-50 T-LO T-70 T-80 T-90

C. P. Hall 3890-A 25 9.6 58 54 51 46 4o 29
Adipol 2 EH 20 8.8 58 sk 51 k6 42 32
Adipol 2 EH 25 10.9 58 54 51 45 39 27
i0-A Plasticizer 25 10.7 58 sk 51 k6 38 27
Di 2 Ethyl Hexyl Ether 20 1.0 56 Sk 49 Lk 38 26
Di 2 Ethyl Fexyl Ether 25 18.2 53 48 b 31 29 13
Trioctyl Phosphate 20 6.6 56 53 48 ko 38 35
Trioctyl Phosphate 25 7.7 56 52 W8 4o 36 20
Butyl Cellosolve Pelargonate 20 12.2 56 52 4T 45 38 24
Butyl Cellosolve Pelargonate 25 8.9 56 52 4T 45 38 24
Butyl Carbitol Pelargonate 20 9.9 € 53 49 45 k2 29
Butyl Carkitol Pelargonate 25 11.8 60 56 53 k7 4o 24
Diisobutyl Azelate 20 8.7 62 58 s4 ko bl 29
Diisobutyl Azelate 25 10.8 60 5T 53 A7 42 27
Monoplex 10S 20 11.0 60 55 52 47 41 26
Monoplex DOS 25 k.5 60 Sk 50 b5 38 23
Hexyl Ether 20 18.2 56 49 46 k1 35 22
Hexyl Ether 25 21.6 56 53 L9 k4 37 28
datural Rubber Tube

Compound k.0 4.0 71 68 38
NCTE:

#* Parts 100 GR-I original. This refers to the parts plasticizer per 100 parts
butyl hyar

¥l hydrocarbon shich wag added to the compound.

##* Parts per 100 GR-I - aftscr migration.

Based on the weight loss of the saxple

during migration and assuming that the entire weight change is due to loss of
plasticizer, this value ic determined dy subiraciing the amount lost from the
original and repreasents the amount of plasticizer retained after aigration and

is expressed ic parts plasticizer per 100 parts batyl hydrocardon.
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E. FIGH PLASTICIZER HIGH CARBON BLACK

Forwula
GR-I 18 100
Zinc Oxids= 5
Captax/Tuads 1.54
(1:2 S1end)
Sulfur 2
MAF Biuck® Variable
Plasticizerss Variabls
Curing tewperature 287°r
#MAF Black Philblack A
*HPlagticixzers
a, CQ Po mlsi w-A
h. Ohio Apex 10=-A
c. ORkic Apex Adipol 2 EH

TABLE XXVII.

Modulus @ 3009 - Pounds per square inch

Parts Parts

Plasti- MAF

cizer Black 10 Min. 20 Min. 30 Min. k5 Min.
Plasticizer - C. P, Hall's 3890-A
25 S5 175 350 hse 650
30 55 100 350 Loo 550
30 60 75 350 k50 600
Ohio Apex 10-A Plasticizer
25 55 15 500 550 125
30 95 50 375 475 625
30 60 175 425 575 675
Ohio Apex Adipol 2 EH
25 55 175 k25 625 150
30 25 150 350 525 650
30 60 175 h25 550 650

33
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TABLE XXVIII,

Tensile-8 Break - Pounds per-sguare inch

Parts Parts

Plasti MAF
cizer Black 10 Min. 20 Min, 30 Min. k5 Min. 60 Min.
Plasticizer - C. P, Hall's 3890-A
25 55 1250 1900 1875 1825 1750
30 55 1000 1900 1850 1TT5 1750
20 60 T00 1800 1925 1825 1650
Ohio Apex 10-A Plasticizer
a5 55 750 2100 1950 1825 1725
30 55 375 1875 1975 1825 1700
30 60 1375 1TT5 1900 1775 1575
Ohio Apex Adipol 2 EH
25 55 1250 1825 1975 1750 1600
30 55 1200 1875 1875 1700 1850
30 60 1400 1800 1750 1700 1650
TABLE XXVIX.
Elongation €@ Break - Per cent
Plasticizer - C. P. Hall's 3830=A
25 55 810 T70 T25 650 605
30 55 800 175 T30 665 630
30 60 1025 780 760 670 585
Ohio Apex - 10-A Plaaticizer
25 55 1050 860 T30 620 570
30 55 10504# 780 Tho 650 600
30 60 900 T30 715 6k 565
Ohio Apex Adipol & EH
25 55 825 Ths 1710 600 535
30 55 8710 TS 685 615 620
30 60 880 ™0 650 610 565

%This elongation value beyond the limits of the machine.

WADC TR 5k-62 3
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TABLE XXX,

Tear - Pouhds per inch

Pasts Parts

Plasti- MNAF
cizer Black 10 Min. 20 Min. 30 Min. 45 Min. 60 Min,
Plasticizer - C. P. Hall's 3890-A
25 55 162 216 21k 167 152
30 55 103 190 182 1%9 180
30 60 99 2h6 22k 182 181
Ohio Apex 10-A Plasticizer
25 55 105 228 240 190 167
30 55 59 2k2 236 i79 169
30 60 175 26k 230 212 183
Ohio Apex Adipol 2 EH
25 55 175 222 194 183 178
30 55 130 230 188 169 151
30 60 170 236 208 228 182
PABLE XXXI.
Hardness (Shore Durometer Type A)
Plasticizer - C. P, Hall‘s 3890-A
25 55 3 4o 173 k6 48
30 5 33 %0 k2 hk k5
30 60 32 4o ke ks k7
Ohio Apex 10-A Plasticizer
25 55 33 b1 bh LY 4 49
30 55 29 39 L2 bl b6
30 60 35 41 k5 b7 L1
Ohio Apex Adipol 2 EH
25 55 36 42 ks &7 k9
30 55 33 39 by ks k6
30 60 35 k1 ks k6 k8

WADC TR 54-62 35
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TABLE XXXI1.

Rewarks:

Rebound (Goodvear-Heady) 60 Min. & 287%,

Babrittlement (

rican Cyanimid-Graves) 60 Min. @ 287°F.

TR (40% Retraction - Original Elongation 50%) 60 @ 287°r,

|

H

?

Parts Parts ]

Plasticiszser MAF Black Rebuund Babrittlement IR é

Plesticizer-C. P. Hall's 3890-A %

25 55 56.9% Ox e -71°F. -72°F. 3

30 55 59.0 " oTh -73 ,

30 60 58.4 "N =72 ;

Ohio Apex 10-A Plasticizer }
25 55 60.0 " -Th -71
30 25 61.5 0 -Th =72

30 60 61.5 " =76 -13 i

Okio Apex Adipol 2 EH %

25 55 61.5 " -76 -Th |

30 55 63.6 " 80 -76 i

30 60 60.5 " -8 =75 {

properties.

In some cases high plasticizer and high black with a high plasticity
elastomer results in a corpound with improved low temperature
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TABLE XXXIII.

TR - Temperature Retraction Data

Tewperaturs in minus degrees Fahrenheit for perceatage retraction indicated

(T-S, T-lo, th.)

Parts Per 100 GR-1

Plasgti MAF

cizer Black T-3

25 %5
30 55
30 an
25 s
30 5
30 60
25

30 55
30

(= 0 ]

22

333 333

888

TR - Temperature Retraction After b Weeks Migration At 158°F,

30 55

86

86

86

g

81

83

D T e e

PSR AN BT . A . P

T-10 T-20 $-30 T-40 T-50 T-60 T-70 T-80 TP-90
Plasticizer C. P, Hall's 3890-A
85 8 75 T2 69 65 62 55 h3
85 81 76 73 T0 67 62 55 k2
85 80 T6 T2 69 65 62 55 2
Ohio Apex 10-A Plagticizer
8k 79 15 11 69 63 62 56 45
84 80 76 T2 T 66 62 55 k2
85 81 T 73 70 67 62 56 43
Ohio Apex Adipol 2 EH
86 8 T7T T T1L 67T 63 58 M6
87 8 719 T6 T2 69 65 60 k8
87 82 78 15 T2 68 6h 59 k7
Plasticizer C. P. Hall's 3890-A
15 67 62 58 Sk k9 45 38 20
Obic Apex 10-A Plasticizer
7h 66 63 56 5k b9 ey 38 20
Ohio Apex Adipol 2 EXH
76 o7 63 58 52 k9 b5 5 2k
37
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¥, B8PECIAL ACTIVATING AGERTE - POLYAC AND TELLURAC

Forsula
Polyac Tcllurac
GR-I 18 100, 100,
Zinc Oxile Se S5e
MAF Black 55. 55
Csptax/Tusds_ 1.5h4 1.54
(1:2 Blena)
Sulfur 2. 2.
Adivol 2 EH 20. 20.
Polysc s =
Tellurac - .5
183.94 184,04

Descr'ption of Materials

Polyac - .E. I. du Pont

25% poly-dinitroso bernzene
75% inert material

Tellurac - R. T. Vanderbilt

Tellurium diethyldithiocarbamate

Proecuigg

Polysc was added to batch in Banbury mixer and batch
discharged after temperature reached 300°F.

Tellurac is added in final wmix on 6x12 wmill along
with sulfur and accelerator.
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TABLE XXXIV.

10 Min. 20 Min. 30 Mip. 45, ¥in. 60 Min.
Modulus at 3004 - Pounds }er square inch

ST

Polyac 250 300 1050 75 275
Tellurac 2715 575 T00 875 925
Tensile @ Break - Pounds pexr square inch
Polyac 1100 1875 1800 1750 1700
Tellurac 1550 1975 1725 1525 1400 |
Elongation @ Break - Per Cent ;
Polyac 760 600 555 470 430
Tellurac 830 Tho 630 55 455 g
Pezr - Paunds per inch 3
Polyac 131 250 201 153 159
Tellurac 195 223 154 €9 152
Polyac 3% 4y Ay k9 51 |
% Tellurac 39 45 48 50 52 !
e Rebound Lobrittlement TR
"; Polyac 61.0% oK @ -T1°r. -T0°F.
e Tellurac 61.5 -T1 -69
= TABLE XXXV. TR - T\ aperature Retraction Data
% Teaperature aata in minus degrees Fabrenheit for percentage retractions 7-5, 7-10,
etc.) indicated.
4 Polysc Tellurae \
8 -5 87 85
& T-10 83 83
& : r
§i 7-30
= 7-40 10 e .
= T-50 7
& - 63 63 i
v T-
. g;‘ 7-90 4 W8
2
e WADC TR 54-~62 39
&
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G. COMMERCIAL CARBON BIACKS IF BUTYL

Formula

GR-I 138 100,
Zince Oxide Se
Carbon Black 55.
Captax/Tuads 1.54%

(1:2 Blend)

Sulfur 2.
Adfpol 2 ER 20,

Curing temperature 2687°F.

#* Accelerator used with FPC black 2.2 parts.

TABLE XXXVI,

Black 10, Miz, 20 Min. 30 Min. k5 Min,

Modulus @ 300% - Pounds per square inch

Thermax nC 150 175 250
P-33 5 100 125 175
SRF 15 275 325 k75
MAF 160 540 680 825
HAF 225 M5 625 025
EPC* 125 350 570 590
SAP 160 k78 650 820
Tensil> @ Bresk - Pounis per square inch
Thermax AC 2k50 2500 2375
P-33 800 1825 1775 1675
SRF 325 1900 2250 225
MAP 10: ¢ 1910 1870 1750
HAP 1825 2225 2275 2200
EpCs 1275 2540 2510 252¢
SAF 1500 2k90 2500 200

Elongation @ Brsak - Per cent

Thermax NC 88r 855 hs
P-33 830 55 755 T15
Sie 1045 T15 790 &T0
HAP 9h 780 T15 625
EPCH* 154% 8715 T80 T30
SAP 1020 820 125 64s

1750
1875
1925
1650
2175
2570
2350

690
TOO
660
570
695
590

# On account of retardation to cure of EPC black, accelerator for this black i3

2.2 parts instead of 1.54 parts as on all of the other blacks.

NC indicates no cure.
WADC TR Sh-62 o
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'fABLE XXXVI. (Contd.)

Black 10 Mi-, 20 Min,. 3) Min. 45 Min. 60 Min,

Tear - Pounds per inch
Thermax . ] 177 133 51 4
P-33 188 152 19 85 53
SRF 63 187 125 97 107
MAF 150 236 200 174 169
HAF 280 320 280 243 233
EPC# 196 325 306 295 295
SAF 232 346 342 310 206

Hardness (Shore Durometer Type A)

Thermax 21 31 35 36 37
P-33 3R 36 38 39 ko
SRP 30 38 k1 k3 b5
MAF¥ 37 111 b7 L9 51
HAP 37 43 W6 I8 49
EPCH 32 §2 hy 46 &7
SAF 37 by 47 1] 51

_ TABLE XXXVII. Retound (Goodyear-Healy) 60 8 287°F.

i Embrittlement (American Cyanaaid-Graves) 60 @ 287°F.

; TR (k0% Retraction--Original Elongation 50%) 60 @ 287°F.

Black Rebound Eabrittlement TR

¢ Therzax 63.6% oK 8 -55°F, -TT°P.

: P-33 64.1 " =69 -Th

g SRP 64.6 ? -67 -T1

e HAF 58.4 2 -T1 -69

BAF 559 -71 -63

EPC* 53.7 " <62 -69

; SAP 46.0 2 -60 -68

-

# On account of retardation to cure of EPC black, accelerator for this black is
2.2 parts instead of 1.54 parts as on all of the other blacks.

i .
Xus

%
=1 Blacks used for this prograa
o I SEP Witco SRF
= MAF Philblaek A
P:f'} EAF Philblack O
7o EPC 514 Richardson's Texas E
g SAF Fhilblack B
o
o
‘__"'.'.”l‘
4
;3
1 WADC TR S4-62 k1
A
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TARLE XXXVIII.

TR - Tewpeérature Retraction

Teuperature data in micus degrees Fahrenheit for percentage retractions (T-3,

T-S, etc v ) tndj-C‘t@d.

Black T-3 T-5 T-10 T-20 2-30 T-40 T-50 7T-60 T-70 T-80 T-90
Thermax - 81 &85 81 8o T7 75 T2 72 66 57
P-33 87 86 83 80 76 ™ T2 1 65 60 Y
SRFP - 8t &84 79 T4 T T1 69 63 60 k9
MAF - 8t B2 78 T2 69 68 63 60 Sk ks
HAF = 8t 83 17 72 €9 65 61 55 50 36
EPC - 8t 81 76 T2 69 6s 57 51 37
CAP - 81 83 76 T2 68 63 60 Sk k9 35

H. VARIABL® CARBON BIACK LOADING IN BUTYL

Formula

GR-I 18

Zinc Oxide

Carbon Black

Captax/Tuads
(1:2 Blend)

Sulfur

Adipol 2 EH

100,
Se
Variable
1.5hn

2.
2,

# Account retarding effect of EPC black the amount of accelerstor is increased and

is a8 follows:

Parts EPC Black _Accelerstor
55 2.20
ks 2.08
35 1.96
k2

T g B b 4 A
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TABLE XXXIX.

Black

Modulus 8 300% - Pounds psr square inch

MAF 55
" ks
35
EPC*55
" kS
” 35
SAF 55
" hs
" 35

Tensile @ Break -

MAF 55
" ks
" 35
EFC#*55
" hs
35
SAF 55
" us
” 35

Elcngation @ Break - Per cent-

MAF 55
" hs
"35
EPC#55
L ks
"3
SAF 55
" hs
" 35

# See Page k2

WADC TR 5&-62

10 Min, 20 Min, 30 Min. k5 Min. 60 Min,
160 540 680 825 910
150 kso 575 700 8co

15 275 325 a25 500
125 350 k70 590 690
100 350 400 525 600
75 250 300 350 k25
160 75 650 820 1000
1z5 %00 500 T00 T75
75 300 375 75 600
ounds per square inch

1070 1910 1870 1750 1650

1250 2200 2250 2000 1850
375 875 2325 2175 iT15

i275 2540 2510 2520 2570

1175 2700 2725 2725 2675
675 2900 2875 2675 2625

1500 2490 2500 2400 2350

1575 2800 2875 2775 2825
825 2875 2925 2715 2625
800 680 6h0 565 515
980 765 T00 610 555
960 800 790 Th5 640
1040 870 780 T30 695
1076 8hs 765 700 670
1105 955 875 785 Tho
1020 £20 725 &hs5 590
845 810 115 675 660
835 825 785 T00 650

b3
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TABLE XL.

Biack 10 Miw. 20 Min. 30 Min. S Min,
Tear - Pounds per inch
MAF 55 150 236 200 17Th
" ks 146 216 188 152
"3 88 194 12 m
EPC#®55 196 325 306 295
" ks 129 282 278 230
" 35 75 240 26k 163
SAF 55 232 346 342 310
ks 290 358 334 296
" 35 138 283 224 224
Hardness (Shore Durometer Type A)
MAF 55 37 bl b 49
" ks 3k L1V by b6
" 35 30 30 4o b2
EPC¥*55 33 b2 kh Y
" ks 30 39 b1 b3
" 35 29 37 29 b1
SAF 55 37 Ly b7 k9
2 45 35 41 43 k5
" 35 30 38 ko b1
TABLE XLI.

' Rebound (Goodyear-Healy) 60 Min. 8 287°F.

Embrittlement (American Cyansmid-Grzves) 60 @ 287°F.

T 08 B .

60 Min.

TR (40% Retraction-Original Elongation 50%) 60 @ 287°r.

Bleck Rebound
MAF 55 58.4%

" &5 59.0

" 35 62.0
EPC*55 53.7

" k5 55.4
"35 59.0
SAF 55 k6.

. 'S k9.6
T35 55.9

# See Page U2

WADC TR 54-62 bk

———— e e . - o ——

Embrittlement

X @
"

-T1°C.

-T1
-T1
-62
=65
-67
~60
=65
~T2

-70°C L)
-7]_
-Th
.7 1

-T2
-85

-T2

adite A Y Mebitlary.

fia TR Tl

i
H
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TABLE XLII. TR_- Tempexature Retraction Deta

33k,

Tewperaturs data in ainus degrees Fahr=nheii for percentage retractions (T-3, T-5,
etc.) indicated.

=

Black -3 T-5 T-10 T-20 T-30 Tk 2-5¢ T-60 T-70 I-80 7T-90

" 35 - 88 8k 80 T T T2 £9 65 €0 51
: EPC55 8 8 8 716 73 71 61 63 58 53 36
R U - 88 85 79 T 72 68 6k 62 55 k1

" 3% . & 8 79 T 72 69 65 62 56 ke
2, SAF 55 - 8k 82 Th 70 65 62 58 53 45 30
%" " 4 87 8 8 75 TL 67 63 60 s5h W 2
i M " 3% . 8 8 8 6 T2 69 65 62 Sh 3B i
o !
i |
L {
b I. VARIABLE ZINC OXIVE IN BUTYL !
oY
i
'g Formula
3 —_—
e GR-I 18 100.

MAF Black ' 55.

Captax/Tuads 1.54

{1:2 Blend)

Sulfur 2.

Adipol 2 FE 20.

Zinc Oxide Variable

Curing temperature 287°F.

VADC TR 54-62 L5

T T
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TABLE XLIII,

Parts Zinc Oxide
Per 100 GR-I 10 Min. 20 Min. 0_Min, 45 Min. 60 Min.

Modulus 8 300% - Prunds per square inch

3 175 525 675 80¢C 875
S 160 5ko 680 825 910
10 150 5C0 650 800 900
20 100 kso 625 8o0 875
Tensile 8 Bresk - Pounds per square inch
3 650 1975 1825 1725 1625
5 1070 i910 1870 1750 1650
10 1150 1750 1625 1650 1650
20 900 575 1650 1675 1550
Elongation @ Rreak - Per cent 3
3 T15 710 650 580 sho
5 800 680 6k0 565 515
10 870 Shs 580 535 505
20 935 €80 595 550 530

Tear - Pcunds per inch

3 103 203 200 178 160
5 150 236 20C iTh 169
10 133 226 218 198 167
20 107 216 199 194 192

Bardinoss (Shore Durometer Type A)

3 36 Ik 46 ko 51

5 37 kL b7 b9 51

10 37 5 48 50 S52

20 38 My 51 52
WADC TR 5k-62 k6
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TABLE XLIV,

Rebound (Goodyssr-Healy) 60 Min. @ 287°FP,

% Embrittlement (Amerizan Cyansmid-Graves) S0 Min, @ 287°F.
G
3 TR {40% Retraction - Origine). Elongacion 50%) 60 Min. € 287°F.
%
Parts Zinc Oxide
Per 100 GR-I Rebound Embrittlement TR _
3 ST.k% OK @ -67°C. -63°C.
S 58.4 " =Tl -69
10 57.9 " 63 -69
20 £5.9 . <63 -69
TABLE XLV. TR - Teupsrsture Retraction Data
Temperature data in minus degrees Falnenheitf. for percentage retractions (!‘-3, T-5,
etc.) indicated.
3
b
4 Parts Zinc Oxide
: Per 100 GR-I T-3 T=5 T-10 T-20 T-30 7T-k0 T-50 T-60 T-70 T-2 T-90
3 3 8 67 83 T 68 63 6 58 55 Sk A
% 5 8 85 82 75 68 §g 64 58 55 51 bk
% 10 8 81 85 7§ 72 69 66 53 58 52 sk
20 89 8 8 16 T2 69 66 63 58 53 A5

)
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Formula

Butyl#
Zirnc Oxide

Captax/Tuads
(1:2 Blend)

Sulfur

Adipol 2 EB

VARIABLE ISOPRENE CONTENT IX BUYFYL

% Grades of buityl iuvestigated ar2 as fTollows:

GR-I 35
GR-1
GR-I 15
GR-I 25
TABLE XIVI.
Per Cent

Butyl Isoprene 10 Min,

Modulus @ 300% - Pounds per square inch

GR-I 35 1.0% KC
GR-I 2, 250
GR-I 15 2.5 250
GR-I 25 3.0 k0o

Tensile 8 Break - Pounds per squere inch

GR-I 35 1.0% NC
GR-1 2.0 1255
GR-I 15 2.5 1450
GR-I 25 3.0 1525
Elongation @ Break - Per cent
GR-I 35 1.0% NC
m-l 2o° 8@
&R-I 15 2.5 820
GR-I 25 3.0 780

NC indicstes no cure.

WADC TR Sh-62

100.
50
55.
1.5h
2.
20,
183.54
1s ene
1.0
2.0
2,5
300
20 Min. 30 Min. k5 Min,
325 ka5 550
k50 550 750
575 750 900
700 80 1050
1525 1600 1600
1750 1750 1650
i7as 1750 1575
1600 1500 1450
T30 675 650
T20 675 565
685 635 515
625 530 h25
48

e - L o 1 L e o s e ~—— .

60 Min,

650

875
1025

1150

1T75
16CC

1575
k25

615
515
460

375

EN <8
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TABLE YXLVI. (Contd.)

Per Cent
Butyl leoprene 10 Min. 20 Min, 30 Min. k5 Min, 60 Min.
Tear - Pounds per inch
GR-I 35 1.0% BC 199 236 258 216
GR-I 2.0 210 2k0 236 222 184
GR-I 15 2.5 218 226 220 181 163
gr-1I 25 3.0 26 212 19k 1712 160
Hardness (Shore Duroweter Type &)
GR-I 35 1.0% KC 39 42 bk 56
GR-I 2.0 38 iy k6 48 ko
GR-I 15 2.5 %0 46 k8 51 k2
Gr-1I 25 3.0 k2 b7 ko 52 55
TABLE XLVI1I.

Rebound (Goodyear-Eealy) 60 8 287°F.
Esbrittlement (American Cyanamid-Craves) 60 @ 28T°F.
TR (40% Retraction - Original Elongation 50%) 60 @ 287°F.

IR I S TR

Butxl Per Cent “

Isoprene Rebound Embrittlement TR
6R-I 135 1.0% k9.1% -T1°F. -68°F,
GR-I 2.0 52. -T1 -67
GR-1 15 2.5 5%.9 -71 -68
GR-1I 25 3.0 59.0 -T2 -TO
TR at 40% Retraction - Compariron of versus State of Cure

20 Min. 30 Min. k5 Min, 60 Nin.

@-I 35 100’ -6_3°Fo -670?0 -68"\3. -&%o
GR-I 2. -64 -68 -68 -67
GR-I 15 2.5 -66 -69 =69 -68
GR-1 25 3.0 -68 -T1 =Tl -T0
Eabrittlement - Comparison of wersus State of Cure
GB-I 35 1.0% -65°F. -57°r. -69°F. -11%.
GR-1 2. -69 =67 -69 -T1
GR-I 15 2.5 -69 =67 -£9 =71
GR-I 25 3.0 -68 =71 -T1 =70

Frox this data it 1s noted that variation of TR and Eabrittlement at differeant
states of cure is very slight in butyl compounds. Therefcre, unless extreme
conditions in cure rate are encountered, cowparisons bzsed on a single cure are

adequate.
NC indicates no cure.

WADC TV 562 X9
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TABLE XLVIII. TR - Temperature Retrsciion Data

Temperature data in minus degrees Fahrenheit for percentage retractioas (T-5,
T-1C, etc.) indicated.

%
Butyl Isoprene T-5 T-10 T-20 T-30 T-h0 T-50 T-60 T-70 T-80 T-90
20 @ 287°.
GR-I 35 1.0 3% 8 7 68 63 56 45 35 19 {2
GR-I 2.0 g5 81 Th 69 64 60 Sh 45 33 12
GR-I 15 2.5 86 §&2 T6 ypt 66 63 5T 51 k2 23
GR-1 25 3.0 871 83 T8 T2 68 6k 61 ks ko 33
30 @ 287°F.
GR-I 35 1.0 87T 83 T8 T2 67 63 56 ks 33 12
Gh-1 2.0 86 8 i T2 68 65 60 5k 'Y 2k
GR-I 15 2.5 81 83 78 T3 69 66 62 58 k9 31
GR-I 25 3.0 87 84 80 ™ yat 67 €5 6G 5k - Ts]
ks @ 28T°F.
G-I 35 1.0 87 83 T T2 68 64 59 53 Uk 27
GR-I 2.0 86 82 T6 T2 68 6k €1 55 h8 33
GR-I 15 2.5 871 83 T T2 69 66 62 58 53 k1
GR-I 25 3.0 87 86 19 T 71 67 63 61 55 hly |
60 @ 287°F. i
GR-I 35 1.0 87T 63 16 72 638 63 59 52 My 26 -
GR-I 2,0 8 8 75 T 67 63 60 Sk 8 3 ?
GR-I 15 25 8 8 735 T2 68 68 61 56 51 bl g
GR-I 25 5.0 87 83 76 T2 T0 65 63 59 53 M

WADC TR 5k-62 50
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K. PERUXIDE CURATIVES IH BUTYL

Formula
A B C
GR-I 18 100. 1. 100.
Phiibleck E 45, 45, Ls,
Zinz Oxide iR 9 5.
Butyl Cellosolve Pelargonnte 0. 10, 10.
Monoplex DGS Jo. 10. 10.
2 Ethyl Hexyl Ether 10. i0. 10.
Captax/“uads 1.54 - -
(1:2 Blend)
Dibenzo GMF - 6. 6.
Red Lead - 10. 10.
Polyac - 1. o
Sulfur = 3. 30
183.54 200. 199.
A. Standard curative - organic accelexation.
B. Peroxide curative and Polyac.
C. Peroxide curative without Iolysc,
TABLE XLIX.
2 & 6 8 10 20 30 k5
Formula Min. Min. Min. Min, Min. Min. Min. Min.
Madulne @ 3004 - Pounds per squers inch
A NC " “NC NC K 175 250 350
B 15 125 50 €25 650 T15 850 850
c RC 50 275 k25 475 650 650 T25
Tensile § Break - Pounds per square inch
A ) [o] RC ) (o} ) ] NC 2150 2hkoo 2L0o
B %00 715 1300 1475 1325 1200 1350 1375
c iC 375 1175 1400 1500 1400 1k50 1350
Elongation @ Break - Per cent
A X NC NC NC XC 865 855 115
B 885 675 510 k75 khs 365 370 425
c NC 8k 630 545 515 ks 455 455
Tear - Pounds per inch
A ) [o] EC NC XC K 3k 310 235
B 51 95 139 167 129 111 AR LY 102
C KC N7 116 171 1k 142 117 136
Eardness (Shore Durometer Type A)
A XC X ) xC NC 35 38 4o
B 30 32 b1 k3 b5 48 k3 48
c nC 26 35 h2 k) 48 48 48
KC indicates no cure.
WADC TR 54-62 51
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TABLE L. §
i

Kebound (Goodyear-Healy) 60 8 237°F.
Eitrittlement (Americen Cyanamid-Gravea) 60 @ 287°F.
TR (k0% Retraction - Original Elongetion 50%) 60 @ 287°F.

Formula Rebounid Eabrittlement TR_
A 60.0% 0K 8 -80°F. -81°F.
B 60.0 = 81 =79 {
¢ 57.9 " -80 -78 ;
1
TABLE LI, H
Mooney Scorch: i
MS @ 250°F. §
Fojrmla. :
Minutes A. B. Ce 3
1 13 22 5
2 12 25 1% ,
3 12 2 13 _.
h 1 33 )3
5 1n 36 14 i
6 1 39 15
1T 11 k1 15 1
8 1 b 16 %
9 1 k6 17
10 11 A3 18 :
i 1 12 50 18 ;
% 12 12 21 *
& 13 12 23 E
i ik 12 26 %
¢ 15 13 31 é
i 16 13 36
; 17 13 ko
18 ik ki
19 1k b7
& 20 15 51
i 21 15
: 22 i7
¥ 23 18
£ 28 20
H 25 23
26 27
g 27 30
¥ 28 33

If the scorch time is taken as the time required to reach &
viscosity of 5 points greater than the ainimum, then scorch time is:

A 21 minutes
B 24 minutes
c 10 minutes
¥ADC TR 54-62 52
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TABLE LII. TR - Tempersture Retraciion Data

ST AN

Yemperaturez dsta in minus degrees Falrenhcit for percentage retractions (7-10, 7-20,

ete.) indicated.

Rorsla -1 I20 I-%
A 87 86 83
B a8 86 83
c &7 85 82

T-h0 T-50 T-60 T-70 T-80 T-90
81 TT 73 67 >7 31
19 Th 67 58 h 7
78 T2 65 5k 35 #3

Time limitations on thic contract did not permit obtaining TR data after % weeks

migratios at 158°F.

WADC TR 54-62
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L. HBIGH TEMPERATURE (MCO°F.) PROCESSING

Formula
_A B
GR-I 18 100. i00. 100,
Philblack E ho. Lo. ko,
Polyac - 0.h 0.h
Stearic Acid - 0.4 Q.
Zinc Oxide 5e Se Do
Monoplex DOS 25. 25. 25.
Captax/Tuads 1.5% 1.5% 1.54
(1:2 Blend)
Sulfur 2. 2. 2.

173.5k 17e.3%  17h.3%

Remarks:

On A and B the preparation and hundling of batches was exactly as
described in this report in the section "Testing Methods and Procedures."” Discharge
temperatures of the batches frc= the Bachury mixers vere 220-230°F.

Formulation for C is identical to B the difference between these two
being in mixing. Methed of handling C follows: The initial mix consisted of a
masterbatch vhich was processed in the Banbury at high teapersture. Formula for
this masterbateh is:

GR-I 18 100 or 80
Philblack E £0 ko
Polyac 0.5 0.k
Stearic Acid 0.5 0.k

This batch was mixed in tae laboratory Banbury for 10 minutes after
batch temperature had reached %00°F. Overall mixing time for this batch was 1§
minutes. Stearic ficid vas added Just before batch discharge in order to assist
in lubrication and prevent sticking while resheeting. After twn hours for cooliug,
the batch was remilled, again in ths Banbury, but in thic step at normal processing
tewperatures, 200-220°P. In this step, additional GR-I 1S wus added in orader %o
reduce black ccntent from 50 parts per 100 GR-I 18, the concentration usea in the
hot mix, to 4O pérts per 100 GR-I 18 which is the concentration in the fipal mix.
At this stege plasticizer and zirc oxide were added. After allowing tw to four
hours fo cooling the batch was finished by regular procedure, that is, sulfur
end accelerator added on 6 x 12 mill. It should be mentioned that the sbove
metaod of procesging butyl rubber is on recommendations supplied Ly Esso
Laboratories. 'This method of processing purported to result in izproved physical
properties.

WADC TR She62 Sk

e e e e ) e A g &

FAREE
w0

e —

i anaiit e

e I AN UL g ORI AL CA LN ¢ AT VORI R I USRS S, A -'ﬁ-'
3 . ~ G Y e



W '_ "&;3&{

TARIE LIIT.
Formla 10 Min. 20 Min. 30 Min. 45 Min.

Modulus @ 300% - Poands per square inch

A 25 200 325

B 100 325 5¢5

c 5C koo 625
Tensile @ Break - Pounds per square inch

A 825 2725 2775

P 1575 250 2450

C Las 2075 175

kElongation @ Break - Per cent

A 865 875 T15

B 900 7150 665

C 1115 660 550
Tear - Pounds per inch

A 1 350 354

B 187 g EY 318

Cc b 232 248
Hardneas (Shore Durcmeter Type A)

A 30 3 39

B 32 37 k1

c 25 3 38

Rebound (Test piece 2" x 1" x 1") cured 60 Min
% Rebound

kso
T15

2850
2625
2275

254
216

ki
k2
[ 7s)

. 8 28T°r.

60 Min.

525
725

2750
2325

665
k95

258
195

b2
Bl

Shore Hardness®*

€& Room Temperature

@ 212°F. @ Rooa Temp. 8 212°F.

55.4%
57.9
59.0

Q>

# This data obtained om 2" x 1" x 1" blocks.

WADC TR 54-62 55

76.3%
76.9
77.5

42
42
ko

k2
40

“I

Shore Hardnesg on thicker test
Pieces is usually s point or wore lower ihan tle data obtained on tensile sheets.
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TABLE LIV.

Physical Properties at 212°F,

Fcraula 10 Min. 20 Min.

Modulus & 300% - Pounds per square inch

A 25 125
B 75 200
c - 175

Tensile @ Break - Pounds per square inch

A 3C0 975
B 15 975
c - 750

Elongation @ Break - Per Cent

A 200 950

B 1000 795

c - 615
Tear - Pounds per inch

A 107 13k

B 129 155

Cc - 120
WADC TR 5k-£2

- vt e 3t ey o .5 < T B i W 5 A R £ S O

30 Min.

250
275

925
725

T70
b5

150
13

o 3 TBike T

k ﬂin. & lﬁn.
300 350 |
375 k75 '
h25 575
5715 575
T00 675
675 700
Y (o] k00
515 350
380 325
126 135
17 130
i32 101
i
e ? T d J
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TARLE LV.
Rebound (Goodyear-Healy) 60 @ 287°F.
Eabrittlement (American Cysnamid-Graves) 60 @ 287°F.
TR (10% Retraction - Origical Elongation 50%) 60 @ 28T°F.
Formuia Retound Eabrittlement TR
A 55.4% oK @ -T1°P. -73%F.
B 57.9 " -71 =15
c 52.0 " -6 -76

TABIE LVI. TR - Temperature Reiraction Dats

Temperature data in wminus degrees Pahrenheit for percentage retractions (T-1, T-2,
ete.) indicated.

Formula T-1 T-2 T-3 T-5 T-10 T-20 T-30 T-&0 T-50 ?-60 T-70 T-30 T-90

A - - - 88 86 82 8 73 59 65 61 Sk 33
B = = = 88 86 83 8o 15 T 67 62 55 Y0
C - - - 83 87 83 81 76 T2 67 63 56 b1

TR - Temperztize Retraction arter 4 weeks migration & 158°F.

A 66 8 81 18 71 62 56 Sk b7 43 36 27 0
B - 88 8 82 1k 66 51 5T Sk k8 k3 35 18
c - 86 85 81 T 66 61 57 55 k9 b 36 22
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TABLE LVII,

Data indicates per csat of plasticizer lost or volatilized undsr sozditicus

VOLATILITY OF PIASTICLZERS

P

Di 2 Ethyl Hexyl Ether 99.1
Trioctyl Phosphate 30.1

Butyl Cellosolve
Pelargonate 96.2

indiceted.
é
Plasticizer Cospounded Stock é
Plasticizer 5 Hours @ 325°F. 70 Hours 8 212°F, L8 Hours 8 300°F. a
Farts Plasticizer g
Per 100 GR-I 18 - 15 2¢ 25 30 15 20 25 30 :
Forum 40 011 b5.9% 45.13 35.09 42.7% - 63.2%4 084.1% 087.1% - 3
C. P. Eall 3890-A 7.2 - 10.5 10.8 10.b - 76.8 95.k 86.7 i
Adipel 2 EH 22.2 - 53.6 k5.3 3k.5 - 97.7 3.7 97.0 3
10-A Plasticizer 7.1 - 0.4 39.9 27.0 - 95.7 93.3 38.8 !
i
|
£
i

Butyl Carbitol
Pelargonate 96. k4

Diisobutyl Azelate 98.8
Konoplex DOS 5.5

Hexyl Etaer 100.

Compounded stock for vola*ility tests cured 60 @ 287°F.

WADC TR 54-62

e b 44,5 - - 17.2
8.5 29.7 - - T1.8 T5.

1,2 39.6 - - 88.5 88.0 .

68,6 k5.5 - - 85.5 T0.2 -

65.5 78.1 i - 83.h 90.0 - ?
0.0 9-0 - h3;2 ké.u §
21.1 25.1 2k.1  30.7
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O, MICRATION; EFFECT OF ON (OW TEMYERATURE PROPERTIES

TABLE LVIX,

Migration
Loss % of

Plasticizer

RHC

Parts Per 100 Fambrittlement OK

TR °F.

Plasticizer Before After Before

After Before After

Forum MC 011
n 0} "

1] n ”
CO P. ml 38”-A

" n "
Adipol 2 EH

" ”
10-A Plasticizer
L] "
D1 2 Ethyl Hexyl Ether
”n " n " "
Trioctyl Phosphate

” "

Butyl Cellosolve Pelargonste
" " i
Butyl Carbitol Pelesgonai:
12 " w
Diisobutyl Azelate
] "

Monoplex DOS
” ]

Hexyl Ether
" n

Hc plesticizez

Note: Migration testz on €" x 6" tensile sheets.
1088 on 6 x 6 shects fails to sgree with the data obtained on 2" x 1"
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15
20
25

20
25

20
25

20
25

20
25

20
25

20
25

20
25

20
25

20
25

20
25

5k
62
62

5%
T2

T2
T2

T2
Th

78
T€

63
76

T2
78

T2
76

T2
T2

67
12

71
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pleces, data on which is sbown in Sectivn R.
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56
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23

56
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s
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Because of our limited supply, you are reyguested to return this cocpy 'WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to cther requesiers. Your ccoperation
will be appreciated,
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.'t NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHE DATA 4;!
[‘- ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED Pf
E GOVERNMENT PRCCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY MCURS %

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE i ¢
GOVERNMENT MAY HAVE FORMULATED, FURNISHFD, OR IN ANY WAY SUPPLIED THE "‘k
(. { SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA 13 NOT TO BE REGARDED 1Y i
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE ROLDLER OR AMY OYHER l

e re A e

PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
¢ { USE OR SELL ANY PATENTED INVENTION THAT "MAY IN ANY WAY BE RELATED THERETQ.
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